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It is known that the pure additive or subtractive interference of two waves does induce the positive 
or negative cross-correlation energy that would contradict the conservation of energy. In the classical 
wave mechanics, the problem can be explained simply by a fact that the pure additive or subtractive 
interference never occurs in the real experiments. The alternately additive and subtractive interfer- 
ence of waves in the experiments changes only the local energy (intensity) of waves, while the total 
wave energy remains constant. The problem arises again if the conditions of the pure constructive 
or destructive interference have been created, for instance, in a subwavelength set-up or a resonator. 
In quantum mechanics, the Dirac theory gets over the difHculty associated with the cross-correlation 
energy by assuming that interference between two different particles of matter never occurs. In the 
present study, the interference-induced energy, which does not exist from the point of view of both 
the quantum mechanics and particle field theory, is not ignored. For both the classical and quantum 
fields, the two-times increase of the wave amplitude does increase the wave energy in four times, 
and the wave with zero amplitude has zero energy. The problem of nonconservation of the energy 
is overcame by taking into account the fact that the creation of the conditions of pure additive or 
subtractive interference requires "additional" energy. In Part I, the Hamiltonians describing the 
cross-correlation energy in the basic classical and quantum fields are derived. The conditions of 
pure constructive or destructive interference are found. The infiuence of the cross-correlation en- 
ergy on the basic physical properties of boson and fermion fields is demonstrated. The energy, mass, 
charge, and momentum of the interfering fields are calculated. It is shown that the gradient of the 
cross-correlation energy induces attractive or repulsive forces. These forces could be attributed to 
all classical and quantum fields, for instance, to the gravitational and Coulomb fields. Finally, the 
model shows a key role of the cross-correlation energy in several basic physical phenomena, such as 
Bose-Einstein condensation, super-radiation, superfiuidity, superconductivity, and supermagnetism. 

PACS numbers: 03.50.-z, 03.65.-w, 03.70.+k, 03.75.-b, 04.20.-q, 04.60.-m, ll.lO.-z, 42.50.-p 

1. INTRODUCTION 

The additive and subtractive interference of waves is a basic phenomenon in the wave physics. If the two waves 
having the same amplitudes are made to interfere only destructively, then the waves and the energy associated with 
these waves do vanish. The pure constructive interference of the two waves would produce a wave with the energy 
four times larger the single wave. The increase or annihilation of the wave energy by the positive or negative cross- 
correlation term inducing by the interference would contradict the conservation of energy. The cross-correlation 
(interference) term that increases or decreases the energy logically to call the cross-correlation energy. In the classical 
wave physics, the problem associated with the energy nonconservation by the cross-correlation can be explained simply 
by a fact that the pure additive or subtractive interference never happens in the real experiments. The alternately 
additive and subtractive interference of waves in the experiments changes only the local energy (intensity) of waves, 
while the total wave energy remains constant. The problem arises again if the conditions of the pure constructive or 
destructive interference have been created, for instance, in a subwavelength set-up or inside a resonator cavity. In 
such a case, the interference-induced positive or negative cross-correlation energy, which is the "nonexistent energy" 
from the point of view of both the classical and quantum physics, violates the energy conservation. 

In the past, the problem associated with the cross-correlation energy has been considered in quantum mechanics 
under the study of interference of particles of matter in the context of the double-slit experiment (see, textbooks). If 
the particle waves interfere in such an experiment as particles, then on the basis of the exclusively additive nature 
of particles, the density of interfering particles is expected to be equal to the sum of those before the interference. 
However, it was found experimentally that the interference changes the local density of particles. This can be explained 
only by the alternately additive and subtractive interference (cross-correlation) of the particle waves. According to the 
wave physics, the pure constructive or destructive interference could result into violation of the energy conservation 
in the interfering waves. To overcome the problem Paul Dirac has suggested that interference between two different 
particles (photons [11,01) never occurs fsj: "... Suppose we have a beam of light consisting of a large number of photons 
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split up into two components of equal intensity. On the assumption that the beam is connected with the probable number 
of photons in it, we should have half the total number going into each component. If the two components are now made 
to interfere, we should require a photon in one component to be able to interfere with one in the other. Sometimes 
these two photons would have to annihilate one another and other times they would have to produce four photons. This 
would contradict the conservation of energy. The new theory, which connects the wave-function with probabilities for 
one photon gets over the difficulty by making each photon go partly into each of the two components. Each photon then 
interferes only with itself. Interference between two different photons never occurs. ..." [3| • In the Dirac model of the 
"interference-less" particles, the main reason of exclusion of the interference between the " self- interfering" particles is 
the requirement of conservation of the number and energy of particles. According to Dirac, the probability amplitude 
attributed to the wave-function of a particle in the Copenhagen interpretation of quantum mechanics must be used 
to calculate the likelihood of a single particle (photon) to be in a particular single-particle Fock state. Another way 
in which probability can be applied to the behavior of particles is calculation of the probable number of photons 
in a particular state. Although the modern physics does use mainly the Dirac (traditional) interpretation based on 
the Copenhagen interpretation of quantum mechanics, the former model was also applied, for instance, for coherent 
states and statistical mixtures of such, as thermal light. The model allows existence of the interference between two 
different states (wave- functions) . Therefore, formally, the energy conservation can be violated by the cross-correlation 
of states (particles). 

In the classical wave physics, the cross-correlation term (energy) plays a key role in description of the pure con- 
structive or destructive interference. The Compenhagen-Dirac (canonical) interpretation of the double-slit quantum 
experiment in terms of the "interference- less" particles, namely the self-interfering particles that never interfere with 
each other, has solved the problem of the energy nonconservation, but at the price of exclusion of the cross-correlation 
energy from quantum mechanics and particle field theory. The Compenhagen-Dirac postulate, which is the viable, 
if non-intuitive, opinion, has been suggested well before the modern understanding of quantum mechanics. Never- 
theless, the huge progress of the quantum mechanics and quantum field theory based on the concept (postulate) of the 
"interference-less" (self-interfering) particles completely justified the model. Although the problem associated with 
violation of the energy conservation by the cross-correlation energy has been solved by Dirac, the several principal 
questions remain unexplained up to now. For instance, in the quantum mechanics and quantum electrodynamics, 
the wave-functions '0n(r,i) of the N particles are not additive [V'(r, i)^ '/'n(r, i)] due to non-additivity of the 

probability amplitudes associated with the wave-functions of particles in the Copenhagen interpretation of quantum 
mechanics. In other words, the waves of probabilities associated with the wave-functions of particles are not additive 
because the particles never interfere with each other. In the classical electrodynamics, however, the electromagnetic 
field of the N electromagnetic fields (waves) is considered as a sum (superposition) of the interfering electric [E„(r,i)] 
and magnetic [H„(r, t)] fields or the respective derivatives of the electromagnetic four-potential [A^„(r,t)] fields: 
E(r,t) = Y.n=i^ri(r,t), H(r,t) = H„(r, 0> and Af^(r,t) = Y.n=i ^i^ri(r,t). That contradicts the general 

correspondence principle that the quantum and classical treatments must be in agreement not only for a very large 
number of particles (photons). The electric, magnetic and vector-potential fields of a particle (photon) in quantum 
electrodynamics are not attributed to the probability amplitude of the wave of probability associated with the wave- 
function of the photon. Strictly speaking, the generally accepted wave-function of a photon does not exist up to now. 
Furthermore, the traditional interpretation of quantum interference forbids existence of the cross-correlation energy 
(each particle interferes only with itself), while the classical wave physics does use this energy in description of the 
pure additive or subtractive interference. Thus the field energy calculated by using the canonical interpretation of the 
quantum interference would never approach the classical value for the pure constructive or destructive interference. In 
addition, the particle energy e = hLu-\- (1/2)Huj calculated in the quantum field theory based on the Copenhagen-Dirac 
postulate is different from the Planck-Einstein particle energy e = hiu [J, Q. The quantum energy (l/2)hLu, which is 
usually identified as the vacuum energy, does contradict both the Einstein theory and classical physics of the empty 
space. In particle field theory based on the Copenhagen-Dirac postulate, the forces acting upon a particle are seen 
as the action of the respective gauge field that is present at the particle location. The forces are attributed to the 
exchange of the field virtual particles. Such a model does not compare well with the Einstein theory of general rela- 
tivity, where the gravitational interaction between two objects (particles) is not viewed as a force, but rather, objects 
moving freely in gravitational fields travel under their own inertia in straight lines through curve space-time [5|. In 
spite of the Dirac solution of the problem of the nonconservation of energy under quantum interference, the noncon- 
servation of the number of particles and energy in quantum field theories based on the Copenhagen-Dirac postulate 
does remain up to now one of the key problems. The founders of quantum mechanics and particle field theory Max 
Born, Werner Heisenberg, Erwin Schrodinger, Pascual Jordan, and Paul Dirac already in the 1930s demonstrated that 
in perturbative calculations many integrals are divergent resulting in nonconservation of the number of particles and 
energy in quantum fields. Since then the different powerful renormalization procedures have been developed Q-Q], 
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but they did not provide the general solution of the problem. One could mention also the problem associated with the 
superluminal signaling in the canonical quantum mechanics (the Einstein-Podolsky-Rosen paradox) that follows from 
the J.S. Bell inequalities [loj . but contradicts the Einstein special relativity. Finally, the Copenhagen interpretation 
[phylosophy) of the de Broglie wave associated with a particle as the wave of probability presents a more or less intu- 
itively transparent background for the physical interpretation of quantum mechanics. Unfortunately, up to now, it is 
not completely clear how to interpret physically the wave (field) of operators in particle field theory. In any physical 
interpretation of the wave of operators, the operator would be rather a pure mathematical object than a real physical 
matter. In addition, the Copenhagen interpretation (philosophy) of the de Broglie wave using the pure mathematical 
object (probability), strictly speaking, did not solve the problem of physical interpretation of quantum mechanics. 
The wave of probability is also rather a pure mathematical object than a real physical matter. In this connection 
one could mention the well-known "ironic interpretation" of the canonical quantum mechanics by Richard Feynman, 
''Shut up and calculated . The similar problems do exist also in the quantum field theory based on the Copenhagen- 
Dirac postulate of the " interference- less" , self-interfering particles. With no solution of the aforementioned problems, 
especially of the problem of nonconservation of the number of particles and energy in quantum fields, it appears that 
an incompatibility exists between the quantum theories and the non-quantum physics (including the Einstein theory 
of relativity). For the detailed descriptions of classical wav e physi cs, canonical quantum mechanics and particle field 
theory see the canonical articles and traditional textbooks llMlSf and the references therein. 

In the present study (Part I and II), the interference between particles and the interference- induced positive and 
negative cross-correlation energies, which do not exist from the point of view of both the canonical quantum mechanics 
and particle field theory, are not ignored. For both the classical and quantum fields, the two-times increase of the 
wave amplitude does increase the wave energy in four times and the wave with zero amplitude has zero energy. The 
problem of nonconservation of the energy and number of particles by the cross-correlation is overcame by taking 
into consideration the fact that creation of the conditions of the pure additive or subtractive interference of the 
waves (fields) requires "additional" energy that must be added or subtracted from the physical system. Then the 
"additional" energy does provide conservation of the total energy of the system. In Part I, the Hamiltonians that 
describe the energy mediating by the cross-correlation (interference) in the basic classical and quantum fields are 
derived. The conditions of pure constructive or destructive interference are found by using these Hamiltonians. The 
influence of the cross-correlation energy on the basic physical properties of boson and fermion fields is demonstrated. 
The energy, mass, charge, and momentum of the interfering fields are calculated. The calculated particle energy 
e = huj = (p^c^ + m^c"')^/^ is equal to the Planck-Einstein energy of the particle, but is different from the value 
e = hu) -\- {l/2)huj of traditional quantum field theory. The calculated vacuum energy, in agreement with the Einstein 
and classical physics of the empty space, is equal to zero. In the present model, the unit-wave associated with a boson 
or fermion particle, unlike the wave of probability or operators in quantum mechanics or particle field theory, is a real 
finite unit-wave (unit-field) of the matter, whose gradient ("curvature") can be changed spatially and/or temporally. 
The present model suggests the very simple physical interpretations of quantum phenomena. For instance, the physical 
interpretation of the position-momentum uncertainty of a particle (unit-field) in the present model is different from the 
some (non-generally accepted) interpretations of quantum mechanics, which are based on the "compression" of the pure 
mathematical object (probability) associated with a particle by the boundaries of macroscopic objects. In the present 
model, the physical mechanism behind the position-momentum uncertainty is attributed simply to the increase of the 
gradient (spatial " curvature" ) of a real material unit- field (particle) by interaction and interference of the unit- field of 
the matter with the boundaries of macroscopic objects. In order to account for the well-known discrepancies between 
measurements based on the mass of the visible matter in astronomy and cosmology and definitions of the mass made 
through dynamical or general relativistic means, the present model does not need in hypothesizing the existence of 
"dark" mass. In the present model, the "dark" cosmological energy-mass as well as the well-known spiral cosmological 
structures are attributed to the cross-correlation energy-mass of the moving cosmological objects. According to the 
present model, the Bell superluminal signaling To'] (the Einstein-Podolsky-Rosen paradox) and the well-known plasma 
jets in astronomy, which propagate with velocities greater than the velocity of light, involve no physics incompatible 
with the theory of special relativity. The superluminal velocities, if they do really exist, are attributed rather to the 
physical properties of the unit-field like material mediums than the empty space (vacuum) of the Einstein special 
relativity. It is also shown that the positive or negative gradient of the cross-correlation energy does mediate the 
attractive or repulsive forces, respectively. These forces could be attributed to all known classical and quantum fields, 
for instance, to the gravitational and Coulomb fields. In the present model, the physical mechanism behind the Bose- 
Einstein statistics, Fermi-Dirac statistics and Pauli exclusion principle is attributed to the repulsive and attractive 
forces associating with the additive and subtractive interference (cross-correlation) of the real unit-waves (bosons or 
fermions) of the matter. Finally, the model shows a key role of the interference-induced cross-correlation energy in 
several basic physical phenomena, such as Bose-Einstein condensation, super-radiation, Bosenova effect, superfluidity. 
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superconductivity, supermagnetism, and quantum anomalous and fractional Hall effects. 

The Part I of the present study is organized as follows. Section (1) provides an introduction to the problem 
associated with violation of the energy conservation by the cross-correlation energy in the classical and quantum 
physics under the pure additive or subtractive interference. The solution of the problem by the Copenhagen-Dirac 
interpretations of quantum interference, which forbids both the existence of the interference between particles and the 
interference induced cross-correlation energy, is discussed. Motivation of the introduction of the interference between 
particles (bodies) and the respective cross-correlation energy into classical physics, quantum mechanics and particle 
field theory is presented. In Sec. (2), the energy conservation in the classical and quantum fields under the interference 
of fields is considered in the context of Noether's theorem The Dirac interpretation of violation of the energy 

conservation under quantum interference is reanalyzed by taking into account the energy spent on the creation of the 
conditions of pure additive or subtractive interference. The Hamiltonians describing the energy induced by the cross- 
correlation (interference) in the basic classical and quantum fields are derived. The influence of the cross-correlation 
energy on the basic physical properties of boson and fermion fields are demonstrated. The energy, mass, charge, and 
momentum of the interfering fields are calculated. It is shown that the gradient of the cross-correlation energy induces 
the forces that could be attributed to all known fields, for instance, to the gravitational or Coulomb fields [Sec. (3)]. 
The conditions of pure constructive or destructive interference of classical and quantum fields are found by using 
the derived Hamiltonians in Sec. (4). The first-order and higher order coherence (interference) and the respective 
cross-correlation energy are discussed. In Sec. (5), the influence of the cross-correlation energy on the basic physical 
properties of boson and fermion fields is demonstrated. The section shows a key role of the cross-correlation energy in 
several basic physical phenomena, such as Bose-Einstein condensation, super-radiation, Bosenova effect, superfiuidity, 
superconductivity, supermagnetism, and quantum anomalous and fractional Hall effects. The traditional approach of 
insertion of the interference and cross-correlation energy of particles into the many-particle models of the canonical 
quantum mechanics and particle field theory, which strictly forbid the existence of the interference (cross-correlation) 
between particles, is illustrated in Sec. 6 by analyzing the traditional consideration of a many-particle quantum 
system. The summary and conclusions are presented in Sec. (7). In order make the interference between particles 
and the respective cross-correlation energy understandable not only to experts in the research field, the model concepts 
are analyzed and reanalyzed in many philosophic, mathematical and physical details in the context of each section of 
Sees. (l)-(7). 



2. CROSS-CORRELATION ENERGY IN BOSON AND FERMION FIELDS 



The energy conservation law states that the field energy can be converted from one form to another, but it cannot 
be created or destroyed. The energy conservation is a mathematical consequence of the shift symmetry of time. More 
abstractly, energy is a generator of continuous time-shift symmetry of the physical system under study. When a 
physical system has a time-shift symmetry, Noether's theorem [19] implies the existence of a conserved current. The 
thing that "flows" in the current is the energy, the energy is the generator of the symmetry group [l9','2^ . In the modern 
physics, the quantum fields are modeled by using simultaneously the energy conservation law and the Copenhagen-Dirac 
postulate of the "interference-less" , self-interfering particles [Ill4l8l |. According to the traditional quantum field theory 
based on the postulate (interpretation) there is only one global (fundamental) spatially- infinite field of the particles of a 
specific (particular) kind, which must satisfy both the energy conservation and the " interference- less" properties of the 
self-interfering particles. The particle is created or destroyed by interaction of the field with the fundamental (global) 
field of another kind. For an example, photons of the electromagnetic field are created or destroyed by interaction 
of the infinite electromagnetic field with the infinite field of electrons. When the fields satisfy the shift symmetry 
of time, the energy and number of particles are conserved. The interaction of fields results just into redistribution 
of the energy and number of particles in the space and time. The phenomenon of redistribution of the field energy 
(intensity) by the interaction of quantum fields is quit similar to the redistribution of the field energy (intensity) under 
the ordinary interference of classical fields. Therefore, the interaction of fields can be considered, at least formally, 
as the interference of fields. Under the canonical quantum interference, however, each particle interferes only with 
itself. The interference (cross-correlation) between two different particles never occurs. Thus in the modern physics, 
which is based on the Copenhagen-Dirac postulate of the "interference-less", self-interfering particles, the interaction 
of particles is not attributed to the interference and the respective cross- correlation energy of classical or quantum 
fields. In addition, the boundaries located infinitely far from any space-time point in the traditional quantum field 
theory do affect the field energy in this point instantaneously. In other words, movement of the boundaries located 
infinitely far from the space point does modulate the field in this point with zero time-delay, which is associated with 
infinite velocity of the signal propagation. If an ensemble of the interacting fields does not satisfy the shift symmetry 
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of time, then the system does not conserve the total energy and number of particles. 

In contrast to the traditional approach, the present model suggests existence of an arbitrary number of the finite 
fields of particular (specific) kinds, for instance, the beams of photons or electrons. The spatially and temporally 
finite (quantum or classical) fields can interfere (cross-correlate) with each other and/or with the finite fields of 
another kind. For instance, the electron fields can interfere with each other, as well as with the photon fields. The 
interference between particles does increase or decrease not only the local density of particles, but at the pure additive 
or subtractive interference creates or destroys the total field energy and number of particles by the cross-correlation. 
The phenomenon of redistribution of the field energy (intensity) by the interaction of classical or quantum fields is 
considered as the interference of the classical or quantum fields. In the present model, under the quantum interference 
each particle can interfere with itself. However, unlike in the canonical quantum models, the particles could interfere 
(interact) also with each other. Thus the attractive or repulsive forces associated with interaction of the particles are 
attributed to the interference (cross-correlation) of the interfering (interacting) fields. In other words, the positive or 
negative gradient of the field cross-correlation energy does induce the attractive or repulsive forces that redistribute 
the field energy (intensity). For both the classical and quantum fields, the two-times increase of the wave amplitude 
does increase the wave energy in four times and the wave with zero amplitude has zero energy. In the frame of such an 
approach, the quantum and classical treatments are in agreement for an arbitrary number of particles. It should be 
stressed that the physical system of the interfering (interacting) fields includes not only the interfering fields, but also 
the environment (material boundaries) that could provide the pure constructive or destructive interference. In other 
words, the fields (particles) do interfere and interact not only with each other, but also with the particles of boundaries 
of the physical system. Although the field energy is changed under the pure constructive or destructive interference of 
fields (particles), the total energy of the physical system is conserved. The pure additive or subtractive interference is 
provided by the " additional" energy, which should be added or subtracted from the total physical system before the 
interference of fields (particles) with each other. In such a case, the physical system of the interfering (interacting) 
fields does not obey the shift symmetry of time. Therefore, the energy nonconservation associated with the cross- 
correlation energy does not contradict the Noether theorem. The energy conservation of the total physical system is 
provided rather by the exchange of the field energy with the environment (usually, particles of material boundaries) 
than by the shift symmetry of time. In contrast to the pure additive or subtractive interference, the creation of 
conditions of the normal (not pure constructive or destructive) interference does not require the additional energy. 
The normal interference is a reversible process. The energy conservation of the total physical system under the normal 
interference is provided by the shift symmetry of time in the system. Although the cross-correlation (interference) 
of fields is relevant to the uncertainty of momentum and energy of a particle, the uncertainty associated with the 
cross-correlation should not be confused with the uncertainty attributing to the uncertainty principle [21I . [2^ . In 
quantum mechanics, the non-commutation of the momentum operator with the coordinate operator results into 
the Heisenberg position-momentum uncertainty, which means it is impossible to determine simultaneously both the 
position and momentum of a particle with any great degree of accuracy or certainty. The lack of commutation of the 
time derivative operator with the time operator itself mathematically results into an uncertainty principle for time 
and energy: the longer the period of time, the more precisely energy can be defined. This problem will be analyzed 
later [see, Sec. (4.2.)] in details by using the Hamiltonians that include the cross-correlation energy. 



The interference-induced cross-correlation energy of classical and quantum electromagnetic fields has been recently 
introduced and preliminary investigated in Ref. [23'|(a-c). With the objective of deriving the Hamiltonians that take 
into account the interference, cross-correlation and cross-correlation energy of particles in other boson and fermion 
fields under classical or quantum interference, let me begin with the conventional consideration of an infinite 

boson scalar (spin s = 0) field ip{r,t), which is described by the Lagrangian density C = {d^i!*){d^^il}) — m?ip*ip. The 
dynamics of the field is determined by the Euler-Lagrange equation of motion, which yields the well-known Klein- 
Gordon- Fock equation for the complex field ^. The present study follows the theoretical formulation and notations 
of Refs. [TTl and which use the natural units h — c = 1. Due to the space-time shift symmetry, the field ip obeys 
the conservation laws for the energy and momentum. The Lagrangian density is invariant under the U{1) local gauge 
transformation — > 'tj/ = e^^ip) given rise to the conserved current. The continuity equation for the 4-vector of the 
Noether current density = m{ip* {dfj_ip) — {df^ip*)ip) yields the conservation of the field charge Q = JjocPx. The 



2.1. Boson scalar fields 



2.1.1. Boson scalar fields without the cross- correlation 
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canonical non-quantum Hamiltonian of the system is given by 

/>oo 

n= hd^x, (1) 

^0 

where 

/i=^^+V^*.VV' + mW' (2) 

is the Hamihonian density. The secondary quantization of the field is performed by the multimode expansion of the 
fields tp and ip* and the subsequent replacement of the fields by the respective multimode field operators ijj and ip'^ : 

^^Y. (2V^£k)-^/'(ake-*"^ + bi^^^^, (3) 



= ^ {2Ve^)-^'\al^'^^ + b^e-^'^n, (4) 

k 

where Ek = Wk = (k^ + m^)^/^ is the Planck-Einstein particle energy; aj^, ak, 6k, and Sk are respectively the creation 
and destruction operators for the particles (bosons) and antiparticles (antibosons) inside the infinite volume V. The 
operators satisfy the canonical commutation relations [afc„,a|, ] = [&fc„,6|, ] — Snm for the bosons and antibosons; 
the other operator pairs commute. Here, Snm is the Kronecker symbol. Equations (IT])-(j4|) yield the canonical quantum 
Hamiltonian 

?i = ^ek(Ak+^k + l) (5) 

k 

corresponding the quantum field energy e = {H), where A/k — flkOk a-nd ^k — ^k^k are the number operators for 
the particles and antiparticles, respectively. According to the traditional correspondence principle, the quantum and 
classical treatments must be in agreement for a very large number of particles. The quantum field energy e = (H) is 
equal to the classical field energy e = "H for a very large number of particles: e = (H) = H. 

The above-presented, canonical model of boson fields may be summarized and interpreted as follows. In the model, 
unlike in canonical quantum mechanics, position is not an observable, and thus, one does not need the concept of a 
position-space probability density. The resonator- like boundaries are located infinitely far from any space-time point. 
The wave- functions (resonator modes) ?Ak(r) of the quantum mechanical system, in the non-operator or operator 
form, does not have a probabilistic interpretation in position space. The quantum mechanical system is considered 
as an infinite quantum field inside the infinite resonator. The field elementary degrees of freedom are the occupation 
numbers, and each occupation number is indexed by a vector number k, indicating which of the single-particle states 
it refers to. The properties of this global field are explored by defining creation and annihilation quantum operators 
with the canonical commutation relations imposed, which add and subtract particles. The field is considered as a set 
of degrees of freedom indexed by position, where the second quantization indexes the infinite field by enumerating 
the single-particle quantum states. Mathematically, the secondary quantization of the global (infinite) non-quantum 
field is performed by replacing the field by the respective field operator. In other words, the real multimode field is 
replaced by the multimode field of operators. The classical ([T|) and quantum ([5]) Hamiltonians are invariant under 
the U{1) local gauge transformation (■0k ^ V'k ~ e'^'^'f/'k). The U{1) gauge symmetry of the classical Hamiltonian 
([!]), which is provided by the orthogonality of wave- functions (the resonator modes are orthogonal to each other 
in the Hilbert space), gives rise to the interference-less behavior of the wave-functions and the independence of the 
Hamiltonian on the phases ak- Each boson or antiboson interferes (interacts) only with itself due to the canonical 
commutation relations [dk„ , ] — [bk^ , &^ ] = 6nm (the other operator pairs commute), which have been constructed 
to satisfy the C/(l) gauge symmetry of the quantum Hamiltonian ([5|). Although the strict interference-less behavior of 
particles could be attributed to the commutation relations and/or the orthogonality of the wave-functions (resonator 
modes), the Hamiltonian symmetry also can be considered as a reason providing the interference-less behavior of 
the particles. In order to control the absence of both the interference between particles and the respective cross- 
correlation energy, the field Hamiltonians have been engineered by using the U{1) gauge symmetry. In other words, the 
interference, cross-correlation and interaction between two different bosons or antibosons never occurs, in agreement 
with the Copenhagen-Dirac (canonical) interpretation of quantum interference, due to the U{1) gauge symmetry of 
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the mathematically constructed Hamiltonians. Thus, for instance, the bosons and antibosons could not annihilate 
each other due to the gauge symmetry. Both the particle and antiparticle have positive energy-mass Sq = (kg -|-mg)^/^ 
[see, Eq. ([S])]. Note in this connection that the positive energy-mass of an antiboson is different from the negative 
energy-mass Eq = —(kg + to§)^/^ of the antiparticle satisfying the Einstein energy-mass relation (eq = kg -|- rri^). 

In the context of the above-presented model, one should not confuse the wave (field) of operators of the boson field 
theory with the wave of probability associated with the wave-function of a boson in the canonical interpretation of 
quantum mechanics. The fields corresponding the field operators ([3]) and (|4]) are not attributed to the probability 
amplitude of the wave of probability associated with the wave-function of the boson or antiboson. Unlike in quantum 
mechanics, the generally accepted wave-function of a boson (antiboson) associated with the probability amplitude does 
not exist up to now. The properties of bosons in the boson field theory may be attributed rather to the properties of 
a wave of operators than the wave of probability of quantum mechanics. The Copenhagen (traditional) interpretation 
(philosophy) of the de Broglie wave associated with a boson (antiboson) as the wave of probability presents a more 
or less intuitively transparent background for the physical interpretation of quantum mechanics. Unfortunately, the 
physical interpretation of the wave (field) of operators in the boson field theory has not been presented up to now. 
Indeed, in any physical interpretation an operator should be considered rather as a pure mathematical object than a 
real physical matter. It could be mentioned again in this connection that the canonical interpretation of the de Broglie 
wave using the pure mathematical object (probability) does not solve really the problem of physical interpretation of 
quantum mechanics. The wave of probability is also rather a pure mathematical object than a real physical matter. 
In the above-presented quantum field model, the resonator-like boundaries located infinitely far from any space-time 
point of the infinite resonator do affect the global field and the field energy at this point instantaneously. Movement 
of the boundaries located infinitely far from a space point does change the resonator modes and modulate the field 
at this point with zero time-delay, which is associated with infinite velocity of the signal propagation. The infinite 
velocity of the signal in the resonator, which has never been interpreted physically, is incompatible with the Einstein 
theory of special relativity. 



2.1,2. Boson scalar non-quantum and quantum fields with the cross-correlation 

Let me now suggest the existence of an arbitrary number of the finite boson scalar fields 'ip„[r,t). These spatially 
and temporally finite fields (beams), in contrast to the quantum mechanics and particle field theory based on the 
traditional interpretation of quantum interference, could interfere with each other. The model should include not only 
the increase or decrease of the local density of the energy and number of particles by the interference (cross-correlation) 
of the interfering (interacting) fields, but at the pure additive or subtractive interference should take into account the 
creation or destruction of the energy and number of particles. The dynamics of the field ip{r,t) — J2n=i V'Ti(r,0 of 
the interfering fields ?A„(r, t) is determined by the Euler-Lagrange equation of motion with the initial and boundary 
conditions imposed. The secondary quantization of these "non-quantum" fields, the replacement of the fields by 
the fields of operators, will be presented in the next subsection. For the sake of simplicity, the formulas in the 
present study are presented for the discrete number of fields. One can easily rewrite the formulas for the continuous 
spectra by integrating the number density. The generalization of the canonical non-quantum Hamiltonian ([T]) for the 
superposition ijj{r,t) = J2n=i V'n(r,i) of the interfering fields ■0n(r, i) yields 

•'^ n=l n^m 



where 



/ ^nrnd (7) 







and 

d'ip* dil^r, 



dt dt 



-I- Vl/'* • VV'm + mn1p*mm'ipm- (8) 



It could be mentioned that such generalization, in fact is the direct generalization of the Einstein famous energy-mass 
relation = k^ -I- for the particles (bodies), which interfere with each other. For more details see Part II of 
the present study. Notice, the Hamiltonian density h is not invariant under the U{1) local gauge transformation 
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(V'n ~^ V'n = e*""V'n) given rise to the interference between the non-quantum finite fields tfjn{T^,t) = iljn{j^,t)e^°''^ and 
'0m(r, t) = ■(/'m(r, <)e'"'" and the dependence of the Hamiltonian on the phases a„ and am- The classical and quantum 
treatments of the present model must be in agreement not only for a very large number of particles. Therefore, in 
contrast to the canonical model considered in Sec. 2.1.1., the field energy is determined by the relation e = {T-L) — H 
for the classical and quantum fields with an arbitrary number of particles. The term Hnn is associated with the 
canonical energy of the single field '(/'^(r, i). In the terms of the present model, the Hamiltonian Hnn describes the 
correlation (interference) of the finite field '!/'„(r, with itself. In the limit of the infinite field V'nCr, i), the self- 
correlation energy Hnn could be interpreted as the Hamiltonian (energy) of the single mode of the Dirac global 
(infinite) field, which is used in particle field theory before the secondary quantization of this (non-quantum) field. 



The cross-correlation energy Hnm, which does not exist in quantum mechanics and particle field theory jllMlSj . is 
attributed to the interference (interaction) of the finite fields ■0„(r, t) with V'm(r,<). It will be shown later [see. Sec. 
(3)] that the cross-correlation energy Hnm in the limit of the infinite fields ipn{^,t) and ipm.{^,t) can be interpreted 
(remember that the cross-correlation energy associated with the ordinary interference does not exist in quantum 
mechanics and particle field theory) as the energy of interaction of the modes of the Dirac infinite (global) field in 
particle field theory. The Hamiltonian © describes the interference of the boson fields, '0n(r, i) = '0n(r,i)- If the 
field '0„(r,t) is composed from the boson field i(j^{r,t) and the antiboson field ip'^^{r,t), then the Hamiltonian is 
described by Eqs. d!])-®, where ?/'„(r,i) = -^^(r,^) + and iplir,t) = i)n{r,t) + ?A;"''(r,i). In the case of 

tp'^{v,t) — —'tp'^{T,t) and 'ip^{r,t) — — -0*°''(r, i), the superposition of the fields results into their annihilation. It 
should be noted that the energy conservation of the total physical system under the annihilation is provided rather 
by the exchange of the energy with the environment (boundaries or other fields) than by the shift symmetry of time. 

We now consider the Hamiltonian (6) of the interfering fields ?/'„(r,t) and ipm{r,t) in more details. At the time 
moment t the finite fields V'rt(r, t) and V'm(r, t) occupy respectively the finite volumes Vn and Vm- The cross-correlation 
energy Hnm vanishes, Hnm = HnmSnm, if the fields ipnijjt) and ■0m(r,i) do not overlap (interfere) with each other. 
Here, Snm is the Kronecker symbol. Notice, the infinite fields occupying the infinite volume are overlapped in the whole 
space. In such a case, the field energy always includes both the canonical energies Hnn of the single fields '4>n{v,t) 
and the cross-correlation energies Hnm associated with the ordinary interference (cross-correlation) between the fields 
-071(1", t) and '0m(r, t). In contrast to the infinite fields, the ordinary interference of the finite fields (beams) requires the 
creation of the interference conditions. In order to interfere, the finite fields '0„(r, t) and 0m(r, i) or their parts have 
to occupy (share) the same volume AV^„,„ — ISVn — ISVm at the same time moment tnm — tn = tm- The total energy 
H at the moment tnm is calculated by integrating the Hamiltonian density h in the infinite volume. The Hamiltonian 
contains the canonical energy of the single fields 'ipn{''^,t) occupying the volumes Vn and the cross-correlation energy 
of the fields overlapped in the volume AVnm at the time tn 



^nm ■ 



N „ N^-N 
n— 1 n^m 



hnnd^X + hnmCpX. (9) 



Ay„. 



According to Eq. ([9]), the canonical energies Hnn of the fields V^n (r, t) are permanent (constant) in the time, while the 
cross-correlation energy Hnm depends on the time moment of the overlapping (interference) of the finite fields '0n(r, t) 

with ^m{v,t): Hit) = En^i^nn + En^^^T^nmit). The difference AH{t) = H{t) - ELi^™ = ES™'^^™"^ 
between the generalized energy ([6]) and the canonical energy E^^Li '^nn logically to call the cross- correlation energy 
or the deject of energy-mass. Notice, the boundaries located infinitely far from the finite field, in contrast to the case 
of an infinite field of particles in quantum field theory, do not affect the field and energy. In other words, movement 
of the boundaries located infinitely far in the transverse or longitudinal direction from the finite field (beam) could 
not modulate this field. One should not confuse vanishing the cross-correlation energy Hnm by non-overlapping the 
finite fields ipn{^,t) and 0m(r, t) with the case of the "orthonormal" fields, which satisfy the well-known condition 
Iav V'n(r)'0m(r)d'^x = Snm of the orthonormality in the Hilbert space. The orthogonal fields do overlap, but the 
cross-correlation integrals ^ are equal to zero due to the orthogonality, Hnm = Hnm^nm- Among the orthogonal 
fields that satisfy the Euler-Lagrange equation of motion with the initial and boundary conditions imposed one could 
mention the transverse and longitudinal (stationary or transient 23] (d)) modes, the Fourier decomposition terms 
(time harmonic plane-waves with different spatial and/or temporal frequencies), and other eigensolutions. 

The above-considered boson fields can exist in the form of the waves, as well as the static (time-independent) fields. 
Let me first consider the wave-like fields. The configuration and dynamics of the wave-like field is determined by 
the Euler-Lagrange equation of motion with the initial and boundary conditions imposed. The simplest solution of 
the equation for the finite wave ?/'„(r,f), which is located infinitely far from the boundaries, is the time-harmonic 
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(stationary) wave 

V'„(r,i)=a«e'^"*e-'(''"'-""). (10) 

Notice, e„ — ujn in the natural units. Other solutions of the Euler-Lagrange equation are considered in Part II of the 
present study. In the initial time moment t = tn ^ 0, the field 7/'„(r, t) occupies the finite volume Vn- The spatial 
distribution of the field in this volume is given by 

^„(r)=a„e-^('^""-""), (11) 

where a„ is the wave phase. At the time moment t = tnm 7^ 0, the Hamiltonian % = J2n=i'^nn + J2n^m^ '^nrn{t) 
of the superposition ip{r,t) — J2n=i V-'n(r, i) of the cross-correlating fields ipn{^,t) is given by Eq. 

•H = V/ [el+kl+ml]ald^x+ y] / [e„e,„ + k„k,„ + m„m„]a„a™e-''('^''"'"""-^""")d3x, (12) 

where Ak„.m = k„ — k,„ and Aamn = Q^m — Q^n ■ The first term of the right-hand side of Eq. (jl2p does not take into 
account the cross-correlation phenomenon associated with the ordinary interference of the fields ipni^,t). The term 
is associated with the field superposition tpir^t) = X]n=i i^n{ic,t), where each field ipnir^t) correlates (interferes) only 
with itself. The total energy of the N correlation- free fields ^n{i^,t) is permanent [H ^ 'H(t)] and its value does not 
depend on the interference conditions: 

N N 
n— 1 n— 1 

The Hamiltonian 

Hnn - [el + K + ml]alVn (14) 

corresponds to the canonical Hamiltonian of the single field (interference-less resonator mode) tp-^^^ (r, t) in the tra- 
ditional particle field theory (Sec. 2.1.1.). The second term of the right-hand side of Eq. ([T^ plays a key role in 
description of the increase or decrease of the local density of the field energy under the interference. The positive or 
negative cross-correlation energy 'Hnm{t) is responsible for the energy associated with the interference (cross- 

correlation) between the waves V'k„ (r, t) and V'k™ (r, t) that can change the total energy of the interfering fields. If the 
waves interfere only destructively in the common volume Ay„rn, then the interference of waves completely destroys 
the wave energy. The interference increases the wave energy if the waves interfere only constructively. The energy of 
interfering waves can be increased or completely destroyed in an ensemble of the coherent waves by the appropriate 
modification of the wave phases a„. The pure additive or subtractive interference is provided by the "additional" 
energy, which should be added or subtracted from the total physical system before or after the interference. In such 
a case, the physical system does not obey the shift symmetry of time. Therefore, the energy nonconservation asso- 
ciated with the cross-correlation energy does not contradict the Noether theorem. The energy conservation of the 
total physical system is provided rather by the exchange of the energy with the environment (material boundaries or 
external fields) than by the shift symmetry of time. The physical mechanism behind the cross-correlation energy in 
the above-considered non-quantum boson fields is simply the phenomenon of classical (ordinary) interference. 

Let me now suggest existence of a basic unit of the boson field, an indivisible unit- field ipt^{v,t) of the mat- 
ter (mass-energy), which could be associated with a boson (particle). The Hamiltonian of the superposition 
of indivisible unit- fields ';/'On(r, t) is given by Eqs. (jG]) and ([7]) with the Hamiltonian cross-correlation density 

hnm — ^^'l" ^ at™ ~'~ ^^On ' ^"^Om + ™n''/'on™"i V'Om • The concrcte parameters (shape, spatial and temporal dis- 
tributions and phase) of the indivisible unit-field V'On(r,i), which depend on the experimental conditions, are de- 
termined by the Euler-Lagrange equation of motion with the initial and boundary conditions imposed. According 
to the correspondence principle, the energy Hu ~ /q hucfix of a boson unit-field ipo{r,t) should be equal to the 
Planck-Einstein particle energy £0 = ^^o = (kp + TOq)^^^ independently from the concrete form of this unit-field: 
Hii = /o°°[^^ + ^"00 ■ ^V'o + mn'4)l'mmip(i](P X = (kp + to§)^/^. In the case of a free boson describing by the 
time- harmonic unit-field (unit- wave) located infinitely far from the boundaries [see, Eqs. (|10p and (1141) ]. the corre- 
spondence principle yields 

= [el + k2 + ml]alVo = [k^ + mlY'\ (15) 
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Then the boson unit-wave (de Broghe's wave) of the mass-energy associated with the particle is given by 

V'o(r,i) = aoe''''*e-'('""'~"\ (16) 

where the amphtude aq = (2Vb[kg -I- TOq]^/^)^^/'^ = (2Vbeo)^^^^ [see, Eqs. ([3]) and (|4]) for comparison of the field 
amplitudes]. Remember, Eq = wq in the natural units. It could be noted that other solutions of the Euler-Lagrange 
equation determining the unit- field configuration 'ijjQ{r,t) are considered in Part II of the present study. In the case 
of the superposition ip{r,t) — X)„=i ''/'On(r, i) of the correlation-free unit-waves V'OnCrji) = aoe'^''*e~*('^""'"^""\ the 
Hamiltonian V. — X]„=i '^nn is given by Eq. ((T^ : 

n - Neo, (17) 
where "H ^ 'H(i). The number of the interference-free unit-waves, which is a positive integer, is then given by 

N^eq-^H, (18) 
where N ^ N{t). For the N cross-correlating unit-waves V'On(r, i) describing by the Hamiltonian H = H{t) = 

En=l Hnn + En^^" ^n™ (*) , Eq. dHJ yiclds 

"H = ^ eon + X! / NnEom + ko„kom -l- mo„TOom]aonaome~''^^'^'''""''"^°""'c;^a;. (19) 

n=l n^rn 

The expression (|19p could be considered as the direct generalization of the Planck-Einstein energy Eq — luq — (kg + 
77i§)^/^ for the N interfering particles (bodies). The generalized energy of the body composed from the N interfering 
bodies (particles) is given by the energy H ^ N^kl + to§)^/^. The difference A'H(t) = J^n^im^ Iav i^On^Om + 
konkom -I- monTOom]oonaome~*^'^''°""'"~^"'""''d^a; between the generahzed energy and the Planck-Einstein energy 
i^n=i ^On) is the cross-correlation energy (defect of energy-mass) of the interfering particles (unit-fields). Notice, the 
energy-mass defect (cross-correlation energy) can be positive or negative. The sign depends on the phase differences 
Aamn = ctm — «„. In the case of a single particle {N = 1), the generalized energy (fTO]) is equal to the Planck- 
Einstein energy H = eo of the particle. The energy (fT9|) of a body composed from the N incoherent unit-waves 
(particles) has the conventional value H — Neq. In other words, the conventional (Planck- Einstein) energy-mass is the 
pure incoherent energy-mass, while the generalized energy (jl9p includes the additional energy, namely the coherent 
cross-correlation energy- mass (energy- mass defect). That is a difference between the conventional and generalized 
energy-masses. It should be stressed that the physical mechanism behind the cross-correlation energy-mass in Eq. 
(I19p is the interference between particles (unit- fields) . In the case of Von = Vom = AT^imj "^On = "^Om = 'tiq and 
Akonm = ko„ - kom = 0, Eq. (dH is given by 

H=AfEo, (20) 

where 

U^N+ J2 e'"^"'"" (21) 

is the effective number [TV = Af{t)] of the interfering unit- waves (particles), which depends on the interference 
conditions; the effective number J\f can be a non-integer, for instance, fractional number bigger or smaller than one. 

The respective defect energy (mass) is given by A'H{t) = £o^n^^ e"^^"""" ■ One can easily demonstrate that the 
energy of the cross-correlating unit- waves 

< -H < N^Eo, (22) 

and the respective effective number of the unit-waves 

0<7V<iV2. (23) 

For instance, Eqs. ([20]) and (PT|) yield the energy H = N'^Eq and the effective number M = N"^ for the pure additive 
interference (Aamn = 0). The pure subtractive interference results into annihilation of the unit-waves and energy. 
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The annihilation takes place if the pairs of unit-waves satisfy the phase condition a™ — = ±7r. The annihilation 
'0o„(r, t) + '0on('"i t) = of the pairs of unit- waves can be represented as the pure subtractive interference of the boson 
unit-fields 

^g„(r,i)=«oe"°*e-^(''°'-"") (24) 

with the antiboson unit-fields 

^^^{r, t) = aoe'"°*e-*(''°"^-"")e±". (25) 
In the case of Nf, = Nat, the pure subtractive interference of the boson field 

^\v,t) = Y,^lXr,t) (26) 

n=l 

with the antiboson field 



n=l 



(27) 



results into annihilation of the fields and energy. It should be stressed again that the energy conservation of the total 
physical system under the annihilation is provided rather by the exchange of the energy with the environment (for 
instance, boundaries or other fields) than by the shift symmetry of time. The unit-waves do annihilate only partially 
if Q!„i — Q!„ = ±7r ± (5, where \5\ < tt. In order to provide the annihilation of a boson unit-wave with an antiboson 
unit-wave for the arbitrary wave vectors and phases, the waves should satisfy the annihilation condition 

V'g(r, t- kg, ab) + <(r, t- kg^ aab) = (28) 

independently from the values of the wave vectors and phases. In such a case, the antiboson unit-field is the true 
antiparticle unit-field, which cannot be obtained by the phase shift of the boson field. In the case of kp = kg^ = 
and ab — aab = 0, however, the massive (m-o ^ 0) fields only satisfy the condition (|28l). Therefore, the mass-less fields 
do not have the true antiparticle unit- fields (antiparticles). According to Eqs. ([6|) and ([28|) . the energy H = of 
the annihilated boson-antiboson pair can be presented as the sum Ul^^ + 'Hl\~°'^ + (-'^12"'') + {-T<2i~ ) = of the 
positive boson-boson self-correlation energy 'U'li^, the positive antiboson-antiboson self-correlation energy 'H22~°'^, 
the negative boson-antiboson cross-correlation energy {—T-L^^""^) and the negative antiboson-boson cross-correlation 
energy {—T-L'^i~^)- That means the energies of both the boson and antiboson unit-fields (bosons and antibosons) 
are always positive. The negative signs of the boson-antiboson and antiboson-boson cross-correlation energies do 
reflect just a fact of the destructive interference (cross-correlation) of the boson and antiboson unit-waves. Notice, 
the positive sign of the energy-mass Eq = (kg -I- ttiq)'^/^ of an antiboson is different from the negative sign of the 
energy-mass Eq — — (k§ + rn§)^/^ of the Dirac antiparticle satisfying the Einstein condition Eq — [—(kg + ttiq)^/^]^. 

The above-described model can be applied for other physical parameters of the cross-correlating unit-waves (fields) 
'0on(r,i). For instance, the momentum P of the field i'{r,t) = V'On(r, i) is given by 

P = 7"e„ (29) 



where 

n—l n^m 



d^x, (31) 



and 



dt dx' dt dxi ■ ^^^^ 
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Here, is the momentum density, which takes into account the cross-correlation of the unit-fields ?/'On(r,i)- The 
equation ([30)) yields 



n=l "'Ay„„ 

In the case of Vqu = Vom = A\4,„, rnon = wom = mo and Ako„,„ = ko„ - ko„i = 0, Eq. ([29]) is given by 

P=AAko, (34) 

where A/" is the effective number (|2ip of the unit-waves. Notice, the angular momentum L of the interfering unit-fields 
can be found by the similar generalization of the angular momentum L = r x P or the relativistic angular momentum 
tensor L"™ — ^(x"p™ — x™p"). The generalized rest mass (0 < < N'^mo) of the system, which is determined by 
Eq. ([20]) with ko — > (respectively, Eq mo), is given by 

M=Afmo, (35) 

where toq = Eq. The expression (|35p could be considered as the generalization of the Einstein energy-mass relation 
e — mc^ [e — m in the natural units) for the N interfering particles (bodies). The generalized rest mass of the body 
composed from the N interfering bodies (particles) is given by the mass M ^ NniQ. The difference AA4 = {N' — N)mo 
between the generalized rest mass ([35]) and the conventional (Newton-Einstein) rest mass NniQ logically to call 
the cross-correlation rest mass or the rest-mass defect. In the case of a single particle {N — 1), the generalized 
rest mass ([55)) is equal to the Newton-Einstein rest mass Ai = toq of the particle. The generalized rest mass 
([35)) of a body composed from the N incoherent unit- waves (particles) has the conventional value Ai — NniQ. 
It should be stressed in this connection that the cross-correlation (coherent) mass does not exist in the Newton 
and Einstein mechanics. In astrophysics and cosmology, the invisible mass is usually called the "dark" mass. In 
order to account for the well-known discrepancies between measurements based on the mass of the visible matter 
in astronomy and cosmology and definitions of the mass made through dynamical or general relativistic means, 
the present model docs not need in hypothesizing the existence of "dark" mass. In the present model, the "dark" 
cosmological mass as well as the well-known spiral cosmological structures are associated with the cross-correlation 
(coherent) energy-mass of the moving cosmological objects. Note that the generalized mass Al = of an annihilated 
boson-antiboson pair can be presented as the sum of the positive boson-boson self-correlation mass M\i'' ~ "Iq — mg, 
the positive antiboson-antiboson self-correlation mass A^22 — '^o'' = "^o, the negative boson-antiboson cross- 
correlation mass (— A^Jj"'') = — (mQ)^/^(mQ'')-'^/^ = —mo and the negative antiboson-boson cross-correlation mass 
i-Mti-') = -(mg^)i/2(,„fc)i/2 = 

M = Ml^'' + Mf^-'''' + (-X?2 + i-^ti^'') - 0. (36) 

That means the masses of both the boson and antiboson unit-fields (bosons and antibosons) are always positive. 
The negative signs of the boson-antiboson and antiboson-boson cross-correlation masses do reflect just a fact of the 
destructive interference (cross-correlation) of the boson and antiboson unit-waves [see, the comments to Eq. ([^5)) ]. It 
should be stressed again that the positive sign of the rest-mass (energy Sq = mo) of antibosons in the present model is 
different from the negative sign of the rest-mass (energy Eq = — (mg)^/^) of the Dirac antiparticles. If the unit-charge 
qo is associated with the mass niQ of the unit-wave V'On(r,i) [see comments to Eq. ()123p . Eq. (|124p and Figs. (5)-(8)], 
then the effective charge (0 < Q < N^qo) of the cross-correlating unit- fields is given by 

Q = Mqo. (37) 

Similarly, if the magnetic moment mo is associated with the mass too of the unit- wave V'On(r), then the effective 
magnetic moment (0 < M < N'^mo) of the cross-correlating unit-fields is given by 

M = AAmo. (38) 

In the case of the pure subtractive interference of the boson field ([26)) with the antiboson field ([27)) . the effective 
charge is given by the sum of the positive charge of the boson field with the negative charge of the antiboson field: 



Q^^fbqo+^fabi-qo)■ 



(39) 
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Although the charge and the charge-associated parameters of the particle (boson or antiboson) have been formally 
introduced [see, Eqs. (|37)) - (l39)) ] into the scalar boson model, the existence or nonexistence of the boson and antiboson 
charges is determined rather by the experiment than the model. In other words, the introduction or non-introduction 
of the charges into the model should correspond to the experimental observations of the nature of concrete field. 

The basic properties of the above-presented model of the interfering particles (unit-waves) can be summarized 
as follows. The unit-fields of the present model are not the point particles and waves (particle-wave dualism) of 
quantum mechanics or the point particles of quantum field theory. The unit-fields have simultaneously the properties 
of the point particles and waves of quantum mechanics, the point particles of quantum field theory, as well as the 
properties of the 3-dimensional waves of theory of classical fields. The Hamiltonian of the superposition of indivisible 
material unit- waves '(/'On(r,i) is given by Eqs. ([6]) and (O, with the Hamiltonian cross-correlation density hnm — 
^ g*^*" -|- Vi/^on • VV'om + 'm-n'tpQ^mm.'tpom- The exact form of the indivisible unit-field ■0on(r,t), which depends on 
the experimental conditions, is determined by the Euler-Lagrange equation of motion with the initial and boundary 
conditions imposed. In the case of the boson fields composed from the time- harmonic finite unit-fields located infinitely 
far from the boundaries, the above-derived number of unit-waves, magnetic moment, mass and charge of the waves are 
equal to the respective values of the traditional particle field theory if the unit-fields are free from the cross-correlation 
associated with the ordinary interference phenomenon. However, the calculated energy e^^ — luq — (kg + mo)-^/^ and 
momentum po = kg of the unit-wave (particle) , which arc equal to the Planck-Einstein energy and momentum of the 
particle, are different from the canonical values £0 = ^0 + (l/2)wo and po = ko -I- (l/2)ko of traditional particle field 
theory. The positive energy-mass Eq = (kg -I- rrig)^/^ of antibosons in the present model is different from the negative 
energy-mass Eq = —(kg -t- rrig)^/^ of the antiparticles satisfying the energy-mass relation Eq = [—(kg -I- mg)^/^]^. The 
energy and momentum of the empty vacuum, in agreement with the Einstein and classical physics energies of the 
empty space, are equal to zero. In the present model, the dynamics of the finite fields is determined by the Euler- 
Lagrange equation of motion with the initial and boundary conditions imposed. The physical parameters of the cross- 
correlating fields have been derived for the relativistic fields with the unit-field energy Eq — (kQ-t-mg)^/^. One can easily 
demonstrate that the physical parameters of the non-relativistic (ko — > 0) fields are described by Eqs. (|6|)- (p9| . where 
the unit-field energy is given by eo ~ (kg/2mo) -I- mo- The absolute minimum of energy of the unit-field in both the 
relativistic and non-relativistic cases is given by e™'" = toq. Notice, the aforementioned transition from the relativistic 
cross-correlating boson unit-fields to non-relativistic ones is somewhat similar to the transition from the relativistic 
correlation-free spinor (electron) infinite field, describing by the Dirac equation of motion with the resonator-like 
boundary conditions to the non-relativistic correlation- free finite waves of probabilities (finite wave-functions) , whose 
dynamics is determined by the Schrodinger equation with the quantum mechanical boundary conditions imposed. It 
should be stressed again that the physical system of the interfering fields includes not only the interfering fields, but 
also the environment (for instance, boundaries) that can provide the pure constructive or destructive interference. 
Although the field energy is changed under the pure constructive or destructive interference, the total energy of the 
physical system is conserved. The pure additive or subtractive interference is provided by the "additional" energy, 
which should be added or subtracted from the total physical system before or after the interference. In such a case, 
the physical system does not obey the shift symmetry of time. Therefore, the energy nonconservation associated with 
the cross-correlation energy does not contradict the Noether theorem. The energy conservation of the total physical 
system is provided rather by the exchange of the energy with the environment (boundaries or other fields) than by the 
shift symmetry of time. In contrast, the creation of conditions of the normal (not pure constructive or destructive) 
interference does not require the additional energy. The energy conservation of the total physical system under the 
normal interference is provided by the shift symmetry of time in such a system. 

In the context of interpretations of the above-present model, one should also not confuse a real finite-wave or 
real finite unit-wave of the matter (energy) with the wave of probability in quantum mechanics or with the wave of 
operators in particle field theory. The Copenhagen interpretation (philosophy) of the de Broglie wave using the pure 
mathematical object (probability) does not solve really the problem of physical interpretation of quantum mechanics. 
In any physical interpretation, the wave of probability would be rather a pure mathematical object than a real physical 
matter. In particle field theory, up to now, it is not completely clear how to interpret physically the wave (field) of 
operators. An operator is also rather a pure mathematical object than a real physical matter. The interference of 
unit-fields suggests the simple interpretations and explanations of the quantum phenomena. Notice in this connection 
that the devision of the "non-quantum" field 'ip of the matter (energy) into the indivisible "non-quantum" unit-fields 
ipQn of the matter (energy) [see, Eqs. (jl5p - (|39|) ]. in fact, is the secondary quantization of the field without the use of the 
fields of operators or probabilities. The secondary quantization performed by replacing the "non-quantum" unit-fields 
of the matter (energy) by the unit-fields of operators is presented in the next section. 

Finally, it should be mentioned that the unified description of the interfering elementary particles (unit-fields) is 
given in Part II of the present study, where the Hamiltonian "Hn of the massive (the rest mass thq 7^ 0) particle is 
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associated with the unit-field energy squared ('Hn = Eq = kg + itIq). Respectively, the Hamiltonian H of the massive 
field composed from the N particles (unit-fields) is attributed to the total field-energy squared {'H = = Y^n=i '^nn + 

'^n^rri^ T^nm) ■ In such a case, the physical parameters of the interfering massive unit-fields are described by the above- 
presented equations with < e < Neq and Q < M < N . In Part I of the present study, the Hamiltonian "Hn of the 
particle is associated with the unit-field energy T-Lii = £o = [kg -I-TOo]^''^, and the Hamiltonian T-L of the field composed 
from the N particles having zero rest-mass is attributed to the total-energy % = e — J2n=i'^nn + ^n^m'^ '^nm- 
The energy of the cross-correlating mass-less unit-fields is then given by < 'H < N'^eq with the respective effective 
number < Af < N"^ of the mass-less unit-fields. 



2.1.3. Boson scalar quantum-fields of operators with the cross-correlation 

According to the traditional field theory the secondary quantization of the non-quantum fields '0 and "0*, 

which are free from the interference, cross-correlation and cross-correlation energy, is performed by replacing the fields 
by the respective field operators and [see. Sec. (2.1.1.)]. I would apply this approach for the cross-correlating 
"non-quantum" fields described in the previous section. The operator ipQ of the unit- field 



is given by 



and the operator of the unit-field 



is given by 



V'o(r, t) = aoe*-'«*e-^(''°'"-") (40) 
^o=aaoe-*(''''™), (41) 
^^(r,^) =aoe-*^°*e*(''°""-") (42) 



where ag = (2Voeo) -^/^ and Eq = [k§ see, also Eqs. ([3]), @ and (jl6p ]. Notice, the field operators (|4ip and 

(|43l) are similar to the respective boson parts of the multimode operators ^ and (|4]) . According to the correspondence 
principle e = {%) = % for both the classical and quantum fields with an arbitrary number of particles. Therefore the 

energy "Hn — = /q°°[^^^^ + V^q ' ^"00 + 'mn'4^^'mmil'o]d?' x of a single particle (a boson unit-field) is given by 

Uii =eo= f aoe'(''°'"-")[(ata + aa^)/2][el + kg + ml]aoe-'^'''"'-'''>d\, (44) 

or in the conventional (Dirac) notations 

Hii=£o = (^o|Hii|^o) = (l|H|l), (45) 

where 

7i = £o(ata-Kaat)/2 (46) 

is the Hamiltonian operator of the quantum unit-field (boson) presented in the form, which does not depend on the 
order of the operators a and a^. Equation yields the "commutator like" relation (a^a -I- aa^)/2 ~ 1. One can use 
also the equivalent non-symmetric operator 

H = Eoa^'a, (47) 



n^eoaa'', (48) 

with the "commutator like" relation d^a = da^ = 1. Note that the energy of the quantum unit-field (boson) describing 
by the operator equations (j44p - (l46l) can be considered, in terms of the virtual processes (transitions) of the traditional 
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particle field theory, as the product of the virtual processes of the simultaneous creation and destruction of the unit- field 
(boson) at the every time moment t. If a quantum unit-field (boson) is absent (V'o(r) = ipo{^) = O-'0o(r) = O-'0o(r) = 0) 
in the volume Vq, then the energy of the empty space associated with the absence of the boson in this volume is zero: 

Hoo= / [0-ao]e'^''°'"""^[(a^a + aa^)/2][eo + ko+™o][0-ao]e-'(''°'"~"^d^a; = (49) 

Jvo 

or in the Dirac notations 

Hoo = (0 • ^olHoolO • V'o) - • (V'olHool^o) = (0|H|0) = 0. (50) 

That also means the unit-wave (unit-field) with zero amplitude has zero energy. It should be stressed that the 
quantum particle energy Hu calculated by using the operator equation (|44l) is equal to the Planck-Einstein energy 
Eq = uja = (Icq -I- mp)^/^ of a single boson, as well as to the energy of the "non-quantum" unit-field describing by 
the non-operator equation (|15p. Remember that the devision of the "non-quantum" field tp into the indivisible "non- 
quantum" unit-fields ipon [see, Eqs. ([T5|) - p9p ]. in fact, is the secondary quantization of the field without the use of the 
field operators. Therefore, the energy of the "non-quantum" unit- field describing by the non-operator equation (|15l) . 
in fact, is the quantum energy of the quantum unit-field (particle) in the field of operators. If the unit-field (boson) 
is absent in the volume Vq, then the vacuum quantum energy (|49)) . the Planck-Einstein energy of the empty volume, 
and the "non-quantum" unit- field energy (jl5l) of the empty space (zero-energy of a zero-amplitude unit-wave) are 
equal to zero. In order to obtain the non-zero vacuum energy in the present model, one can impose the additional 
condition for the operator pairs, namely the canonical commutation relation [a, a^] = 1 of quantum mechanics and 
particle field theory. The use of this commutation relation in Eqs. (H^ and yields 

(1|H|1) =£0 + (l/2)£0 (51) 

and 

m\0) = 0, (52) 

respectively. The quantum energy ()51|) , which is equal to the canonical quantum energy of a single boson in particle 
field theory [sl. [3. Illl - flij l . is different from the Planck-Einstein particle energy Eq = = (kg -|-rn§)^/^ and the particle 
energy (1151) of the "non-quantum" unit-field (particle). The vacuum energy (j52p could be in artificial agreement with 
the canonical quantum value (0|H|0) = £o/2 if the zero energy Hqo = determining by Eq. (|49l) is assumed to be 
equal to £o/2. Mathematically, that means the redefinition (0 • a ^ 0) of the canonical zero. Then the particle energy 
([5T|) can be presented in the form (l|?i|l) = eq + (l/2)eo — (l|?i|l) -I- (0|?i|0), which corresponds to the particle 
energy of the traditional quantum field theory. In such a case, the half of the boson energy (mass mo) remains in the 
volume Vq when the boson leaves this volume. Furthermore, the infinite energy (mass) is accumulated in the volume 
Vq if the infinite number of bosons leave this volume. Although the canonical values (Ij'Hll) = Eq + (l/2)eo and 
{0\n\0) = (l/2)£o of particle field theory @, i, [uHll | can be obtained by the above-described artificial increase of the 



energies (|44)) and (|49)) on the value £o/2, / will not use this procedure. In the present model, the particle quantum 
energy pi)) is equal to the Planck-Einstein particle energy £o = wq = (kg + rn^Y/"^ , as well as to the particle energy 
(15) of the "non-quantum" unit- field (particle), but is different from the canonical value of quantum field theory. The 
"vacuum energy" 'Hoo = (OlHoolO) = determining by Eq. (g^]), which is the quantum energy of an empty volume, is 
also in agreement with the Planck-Einstein vacuum energy and the vacuum energy of classical wave physics (Fig. 1). 
Here, one should not confuse the absolute minimum £q"™ = mo of the energy of the unit-field (particle) with the 
canonical "vacuum energy" (01^10) = £o/2. It could be mentioned in this connection that the problem of negative 
energies of the antiparticles will be considered at the end of Sec. (2.1.3). 

We now consider the Hamiltonian operator of the superposition of quantum operator unit-fields. The operators of 
the fields 

N 

^(r,t) = ^Von(r,0 (53) 

n=l 

and 

N 

V'*(r,t) = VVo*Jr,t), (54) 
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FIG. 1: (a) The particle {spart. = T-Lii) and vacuum (svac. = 'Hoo) energies in the traditional quantum field theory, (b) The 
particle {spart. ~ 'Hii) and vacuum {svac. ~ "Hoo) energies in the Planck and Einstein theories and the present model. Here, 
(kfUmg)!/^ is the Planck-Einstein particle energy. 



which are the superpositions of the respective unit-fields Vonlr, = aone^^^'e ^C'O"'" and '(/'On(r)' 
aone~"^°*e*^'^''"''~""\ are respectively given by the operators 



N 



V^ = 5Z«»«o»e"'^''""'""""^ (55) 

n=l 

and 

N 

^t = ^atao„e^('^""'-""\ (56) 

n=l 

where ao„ = (2Vbn£o)~"^^^- In the case of the superposition il){v,t) = X]^=i '/'On(r, i) of the unit-waves '(/'On(r,i) = 
aone""'"*e"'(''0"''"""\ which are free from the cross-correlation, the energy % = Y,n=i '^n"+Zln#m "^n™ = Hn=i '^n" 
determining by the field operators is given by 

N 

H = V / ao«e^"'""'""""^ [{aian + a„a];)/2] [e^ + + m^Jaone-^O^-'-^-^rf^a; = SaN, (57) 
or in the conventional (Dirac) notations 

N 

H = {4^\Y,'Hnn\4')^{N\'H\N)=eoN. (58) 



n=l 

Here, the Hamiltonian operator 

n ^ eoN (59) 

and the particle number operator 

N = (4a« + a„ai) /2 = (a'^'a -f ao''')/2 (60) 
are determined by the commutation-like relation 

{a''a + aa'')/2^1. (61) 
The number of the correlation- free unit- waves (particles), which is an integer, is given by 

N = {N\N\N) ^ eo\N\H\N). (62) 
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The quantum energy ((58l) and the quantum number of particles ([62]) of the unit-waves (particles), which are free 
from the cross-correlation, are equal to the respective non-quantum (classical) values determining by Eqs. (jl7|) and 
(US]) for an arbitrary number of the unit waves (particles). This result is different from the traditional particle field 
theory, where the quantum and classical values are in agreement in the case of very big number of particles, only. The 
quantum Hamiltonian % of the N cross-correlating unit- waves ipQn (r) determining by the field operators is given by 

N N'^-N 

— "Hnn + Hnm, (63) 

n— 1 n^m 

where the "self-correlation" energy 

N 



'Hnn = eoN, (64) 



n=l 



and the cross-correlation energy 



'Hnm= / [(flt dm -I- a„a3'„)/2][eon£om + ko„kom -I- TOo„mom]ao„aome "^"""^d^a;, (65) 



with the commutation-like relation 



(flt d„ + d„dJ„)/2 = 1. (66) 

In the case of the "non-quantum" unit-fields of the matter considered in the previous section, the cross-correlation 
energy has been attributed to the ordinary interference phenomenon. The cross-correlation energy of the quantum 
fields describing by the operators could be attributed to the quantum interference phenomenon. Notice, the ordinary 
and quantum interference are indistinguishable phenomena in the present model. That means that the " non-quantum" 
and quantum energies are equal to each other for an arbitrary number of the unit-field (particles). In the terms of 
the virtual processes (transitions) of the traditional particle field theory, the quantum cross-correlation energy can 
be considered as the product of the virtual exchange of the indistinguishable unit-fields (bosons) [see, Eq. (|65|) ]. In 
other words, the cross-correlation energy could be attributed to the simultaneous creation and destruction of the 
unit-field (boson) V'On(r) and the simultaneous destruction and creation of the unit- field (boson) i/)om(r). The cross- 
correlation in such a virtual process is associated with the indistinguishableness of identical unit-fields '!/'On(r) and 
V'om(r) under the interference (interaction). The total energy of the interfering unit-fields [see, Eq. ([63)) ] consists 
from the self-correlation energy ([57]) and the cross-correlation energy ([65]) . which do correspond to the simultaneous 
creation/destruction of the unit-fields (bosons) V'On(r) and the simultaneous destruction/creation of the unit-fields 
(bosons) ■0om(r) in the self-correlation and cross-correlation (interference) processes. The virtual quantum exchange 
of the indistinguishable unit-waves (particles) under the non-quantum or quantum interference is quite similar to the 
exchange of virtual particles for a short time ( A< < 1/ Ae) in the traditional perturbative particle field theory. It should 
be stressed, however, that the cross-correlation energy (|65p does not exist in canonical quantum mechanics an particle 
field theory based on the Copenhagen-Dirac postulate of the " interference- less" , self-interfering particles [sl. 13. Illl - [l8| . 
In the case of Vb„ = Vbm = AKm, = mom = mo and Ako„m = ko„ - ^om = 0, Eqs. ([Mll-dMl) yield 



U = eoN + / [(d,\dm + d„aL)/2] [eo^ + ^o + m§]oo„aome'^"™"-c!^a 

^71 Jav„,„ 



(67) 



or in the Dirac notations 

N N^-N 



n={i^\Y,^nn+ J2 TinmH) = {N\n\N) ^eo{N\J^\N) =eoAf, (68) 

n— 1 n^m 



where the Hamiltonian operator 



(69) 



18 



and the effective number of the cross-correlating unit- waves (particles), which can be a non- integer, is given by 

N = {N\N\N) = eo\N\H\N) (70) 

with the effective number operator 

J^ = N+ [(4am + ««aL)/2]e'^«- =iV+ ^ e'^""". (71) 
In Eq. ([7T|) , we used the relation 

{aia^ + a„al^)/2 = {a^'a + aa'')/2 = 1, (72) 

which could be attributed to the indistinguishableness of the identical unit-waves (particles) . One can easily demon- 
strate that the energy of the cross-correlating unit-waves describing by Eqs. (|67p - ([72l) is given by 

< -H < TV^eo, (73) 

and the respective effective number of the waves 

0<Af<N'^. (74) 

Equations (|68p and ([70| yield the energy H — N'^Eq and the effective number J\f — for the pure additive 
interference {Aamn = 0). The pure subtractive interference results into annihilation of the unit- waves and energy. The 
annihilation takes place if the pairs of unit-wave operators satisfy the phase condition am — ctn = i"". The annihilation 
V'Q„(r,t) -I- i/)Q^(r, i) — of the boson and antiboson operators tjjQ^{r,t) and ■(/'g^(r, t) = can be represented as the 
pure subtractive interference of the boson unit-field operators 

^g„(r,t)=aaoe-^(''"'-"") (75) 

with the antiboson unit-field operators 

i^ot(r,t) = &aoe-^^'^«"-""\ (76) 

-N,. " b ^ ab - b 

where b = ae . Similarly, the annihilation ■0tg^(r,i) -|- ^t|^^^(r,t) = of the boson ■0tp^(r,i) and antiboson 

- ab 

'0'l'p^^(r, i) = operators can be presented as the pure subtractive interference of the operators 



with the operators 



^'t;;jr,i)=ataoe^(''«'-"") (77) 



where &^ = a^e^". For instance, the pure subtractive interference of the boson field operators 



^^(r,0 = E^On(r,i) (79) 

n=l 

with the antiboson field operators 

r\r,t) ^Y.^t.{^^t), (80) 

results into annihilation of the fields and energy if Nb = Nab- It should be noted that the unit-wave operators do 
annihilate partially if am — Oin = ±7r ± 5, where \5\ < tt. In order to provide the annihilation of a boson unit-wave 
operator with an antiboson unit-wave operator for the arbitrary wave vectors and phases, the operators should satisfy 
the annihilation condition 

^g(r, t- k[5, afc) + V-o-^(r, t- kg^ a^b) = (81) 
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independently from the values of the wave vectors and phases. In such a case, the antiboson unit-field operator is the 
true antiparticle unit-field operator, which cannot be obtained by the phase shift of the boson field operator. In the case 
of kg — kg^ — at, ~ aab — 0, the massive (toq ^ 0) fields only satisfy the condition ([5T|) . The mass-less fields do not 
have the true antiparticle unit-fields (antiparticles) and the respective antiparticle operators. Notice, the annihilation 
condition (fSTj) applied to the boson-antiboson pair yields the commutation-like relation (a^a -I- bb'' + a)b + ba)) = 0. 
Notice, the positive energy-mass Eq = (kg -I- mg)^/^ of antibosons in the present model is different from the negative 
energy-mass of the antiparticles satisfying the energy-mass relation Eq = — (kQ + TOq)^/^. 

The secondary quantization based on the replacement of the cross-correlating fields by the respective field operators 
can be applied for other physical parameters, such as momentum, number of waves, mass and charge. For instance, 
the momentum P of the field '(/'(r, t) — Y^^^i ^OTi(r, t) is given by 

V =V'e, = {il^\V'\i^)e,, (82) 

where 

n=l n^^ ■'^Vr.r. 

In the case of Vo„ = Vom = ^Vnm, man = rn^m = rriQ and Ako„„i = ko„ - ko,„ = 0, Eq. (|S3]) yields 

P=AAko = (VlA'l^)ko, (84) 

where A/" is the effective number operator (j7ip of the waves. Notice, the angular momentum L and the respective 
operator of the interfering unit-fields can be found by the similar generalization of the angular momentum L = r x P 
or the relativistic angular momentum tensor L'"" = ^(x"p'" — a;™p"). The generalized rest mass {0 < A4 < N'^nio) 
of the system according to Eqs. (|68|) and ((70)) with kg —J' (respectively, Eq ^ "^-o) is given by 

M = Afmo = {ij\Af\ij)mo. (85) 

In the case of the pure subtractive interference of the boson field with the antiboson field, the field energy can be 
formally presented as the absolute value of the sum of the positive energy of the boson unit-field with the negative 
energy of the antiboson field in the interference process. Respectively, the generalized rest mass M is given by the 
absolute value of the sum of the positive mass of the boson field with the "negative mass" of the antiboson field: 

M - \Aftmo+Afab{~mo)\ = \{i^'oWo)rno - {%'m^'')mo\. (86) 

It should be stressed that the mass-energies of particles and antiparticles are positive. The negative sign in Eq. ([86)) 
reflects only a subtractive character of the interaction (interference). Notice, the positive rest energy-mass Sq = 
(mp)"'^/^ of antibosons in the present model is different from the negative rest energy-mass Eq — — ("^o)^^^ '-'^ ^'^^ Dirac 
antiparticles. If the unit-charge go is associated with the mass mg of the unit-wave ■0ori(r, [see comments to Eqs. 
p23p and p24p . and Figs. (5)-(8)], in other words, if the unit wave '!/'On(r) has the unit charge goi then the effective 
charge (0 < Q < N^qo) of the cross-correlating unit-fields is given by 

Q^Afqo^ {ij\Afmqo. (87) 

Similarly, if the magnetic moment mo is associated with the mass niQ of the unit- wave V'On(r), then the effective 
magnetic moment (0 < M < N'^mo) of the cross-correlating unit-fields is given by 

M^Afmo- (88) 

In the case of the pure subtractive interference of the boson field with the antiboson field he effective charge is given 
by the sum of the positive charge of the boson field with the negative charge of the antiboson field: 

Q = Mtqo + Afab{-qo) = {4Wo)(lo - (^g'l-^l4"'')9o- (89) 

Notice, although the boson parameters associated with the charge have been formally introduced [see, Eqs. (|57)) - 
([55)) ] into the scalar boson model, the existence or nonexistence of the boson/antiboson charges is determined rather 
by the experiment than the model. The introduction of the antibosons into the model also should correspond the 
experimental observations of the concrete field. 
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In the context of above-presented physical interpretations, it should be mentioned that the unit-fields (particles) of 
the present model are not the point particles of quantum field theory. In particle field theory, up to now, it is not 
completely clear how to interpret physically the wave (field) of operators. An operator is usually considered rather as 
a pure mathematical object than a real physical matter. In the present model, the devision of the real "non-quantum" 
field ip of the matter (energy) into the indivisible "non-quantum" unit- fields i/'on of the matter (energy) [see, Eqs. p^ - 
(|39p ]. in fact, is the secondary quantization of the field without the use of the fields of operators. The above-considered 
model of the quantum fields based on the operator representation of the fields is equivalent to the "non-quantum" 
model of the real unit-fields of the matter considered in Sec. (2.1.2.). That means the physical parameters describing 
by Eqs. (|40|) - (|89l) are equal to the respective values derived in Sec. (2.1.2.) without the use of the fields of operators. 
In the case of the fields (waves), which are free from the cross-correlation associated with the ordinary interference 
phenomenon, the above-derived number of unit-waves, magnetic moment, mass and charge of the waves are equal to 
the respective values of the traditional particle field theory. However, the calculated energy eq — i^o — (kg + uiq)^/^ 
and momentum po = kg of a unit- wave (particle), which are equal to the Planck-Einstein energy and momentum of 
the particle, are different from the canonical values Eq = ujo + {1/2)ujo and po = kg-l- (l/2)ko of the traditional particle 
field theory The positive energy-mass Eq = (kg -I- TOq)"^^^ of antibosons in the above-described model is 

different from the negative energy-mass of the antiparticles satisfying the energy-mass relation Eq = — (k§ -I- mp)^/^. 
The vacuum energy and momentum, which are in agreement with the Planck-Einstein and classical physics energies 
of the empty space, are equal to zero. 



2.1.4- Boson vector fields 

So far I have considered the interferences between "non-quantum" and quantum scalar (s — 0) boson particles 
(unit-fields). The cross-correlation model of the interfering boson unit-fields having the spin s > would be similar 
to the model of scalar fields considered in the previous sections. One can easily follow the above-presented cross- 
correlation model for an arbitrary value of the spin s. As an example, let me briefiy describe the cross-correlating 
vector finite-fields composed from the mass- less vector unit-fields (vector bosons) having the spins s = 1. Such 
fields correspond to the electromagnetic (EM) finite-fields of the photons. The infinite EM field is described by the 
canonical Lagrangian de nsity £ = (— l/4)?/;^i^-0'^'^, where the 4-tensor -i])^^ is the field tensor F^'" \ the 4-vector V''^ 
is the 4-potential 0, ll"i3- According to the present model, the generalization of the canonical Lagrangian 



(Hamiltonian) and the secondary quantization should be performed for the superposition of the respective interfering 
unit-fields. The configuration and dynamics of the unit-field is determined by the Euler-Lagrange equation of motion 
with the initial and boundary conditions imposed. The simplest wave-like solution -00/^ of the equation for the unit- 
field, which is located infinitely far from the boundaries, is the time-harmonic plane wave. The operator -00/^ of the 
cross-correlating, time-harmonic, plane, vector unit-wave 

V'Op(r, t) = aoaU^e^^^'e-^O'"'^-") (90) 

of the matter (vector boson, for instance, photon) is given by 

00^ = aaaoa<e-'(''°'-"\ (91) 

and the operator ■^J^ of the unit-wave 

V'oV(r,i)=aoa<*e— ''*e'(''°"-") (92) 

is given by 

^i;.=Stao„<e^(''°"^-"), (93) 

where ooq is the wave amplitude. The unit 4-vector of polarization is given by w^, where the index a corresponds to 
the two independent polarizations. Then the operators of the finite fields 

JV 

V'^(r,0 = 5Z^0Mn(i-,0 (94) 



and 

0;(r,O = ^0oV(^'^)' (95) 



JV 
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which are the superpositions of the respective unit- fields ipOfm{j^,t) and V'o/jn(r,i): could be presented respectively as 

N 
n=l 

and 

JV 

^i = E^ln- (97) 



n=l 



Notice, the superpositions (|94|) and (|95|) may be reinterpreted as the Fourier decomposition of the field composed 
from the indivisible, time-harmonic, plane unit-waves (plane- wave photons). One should not confuse here the plane- 
wave photon with the non-plane unit-wave, for instance, with the spherical-wave photon. The Fourier decomposition 
could be useful in an analysis of the near-field and sub-wavelength phenomena (see, Sec. 4.2.), where the non-plane 
unit-wave (indivisible non-plane photon) producing near to the sharp boundaries is presented formally as the Fourier 
decomposition of the plane-wave photons. The boson vector fields (EM fields) describing by Eqs. (pUjl - ipT)) do not have 
the rest mass (mo = 0). It is not necessary to repeat all the mathematical procedures of Sees. (2.1.2.) and (2.1.3.) 
for the mass- less vector unit- fields (photons). One can easily demonstrate that the physical parameters [for instance, 
energy, momentum and number of the unit-waves (photons)] in the linearly polarized EM fields are described by the 
respective equations of Sees. (2.1.2.) and (2.1.3.) with the particle rest mass toq = and energy Eq = fco, which 
correspond to the rest mass and energy of the Planck- Einstein photon. In the case of the fields with the two different 
polarizations, the summations of the kind 

JV JV^-AJ 

E(-)+ E (•■•) (98) 

in the equations should be replaced by 

(...)+ (•••)'^«„a.., (99) 

where the index a corresponds to the two independent polarizations, and <5q„q„ is the Kronecker symbol. For further 
details see the introduction and preliminary investigation of the cross-correlation and cross-correlation energy of the 



classical and quantum EM fields presented in Ref. [23|. It could be noted that Eqs. ([35]) . ([SG)) . (|85l) . and (|86l) describe 
the " moving mass" of the cross-correlating EM fields if the rest mass mo in these equations is replaced by the " moving 
mass" fco of the vector bosons (photons) . The fields - (^7)) could annihilate if am — c^n = ±7r for the unit- field 
(photon) pairs. In order to provide the annihilation of an EM unit-wave (photon) with another EM unit-wave (anti- 
photon), the unit- waves should satisfy the annihilation conditions (1281) and (I8ip for the arbitrary wave vectors and 
phases. In such a case, the anti-photon would be the true antiparticle unit-field, which cannot be obtained by the 
phase shift of an EM unit- wave (photon). The EM fields do not satisfy the aforementioned annihilation conditions. 
Therefore the EM fields do not have the true antiparticle unit-fields (anti-photons). This is in agreement with the 
experimental fact that the mass-less (mo = 0) unit-field (photon) has zero charge, go = 0. 

2.1.5. Fermion fields 

It is clear that the cross-correlation model of the "non-quantum" and quantum fields of the interfering fermions 
(unit-fields with half-integer spin s) should be similar to the above-considered boson fields. As an example, let me 
briefly describe the cross-correlating "non-quantum" and quantum fermion finite- fields with the unit- fields (spinor 
particles) having the spin s = 1/2. Such finite fields correspond to the finite fields of spinor particles, fore instance, 
electrons. The Dirac infinite spinor field, which is free from the cross-correlation (interference), is described by the 
Lagrangian density £ — i'ip^'^d^'ip — rmptjj 0, 11-18|. According to the present model, the generalization of the 



canonical Lagrangian (Hamiltonian) and the secondary quantization should be performed for the superposition of 
the respective interfering unit- fields (spinors). The configuration and dynamics of the unit- field is determined by the 
Euler-Lagrange equation of motion with the initial and boundary conditions imposed. The simplest wave-like solution 
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of the equation for the unit-field, which is located infinitely far from the boundaries, is the time-harmonic plane wave. 
The operator ipQ of the spinor unit-wave 

Mr, t) = co.u.e^^°*e-'(''°'-") (100) 
of the matter (spinor particle, for instance, electron) is given by 

1^0 = c.co.M.e-'(*''""-"\ (101) 



and the operator ipQ of the unit-field 



is given by 



7A*(r, t) = co.^e-^^^'e'C""-") (102) 



= 4co.Uae^^'^"""""\ (103) 
where the particle spin a = ±1/2. The operators of the finite fields 



N 



V'(r,i) = ^^o«(r,t) (104) 

and 

N 

r{r,t) = Y,ron{r,t), (105) 
which are the superpositions of the respective unit-fields i/'On(r,i) and ipQ^{r,t), could be presented respectively as 

AT 

^ = ^M (106) 



n=l 

and 



It is not necessary to repeat all the mathematical procedures of Sees. (2.1.2.) and (2.1.3.) for the unit-fields (spinor 
particles). One can easily demonstrate that the physical parameters [for instance, energy, momentum and number of 
the unit-waves (spinors)] are described by the respective equations of Sees. (2.1.2.) and (2.1.3.). In the equations, 
however, the summations of the kind 

E(-)+ E (•■•) (108) 

n— 1 n^m 



should be replaced by 



E (•••)+ E (■•■)'5.„.„, (109) 



where the Pauli exclusion principle for the fermions (unit-waves) should be taken into account in specific (concrete) 
calculations of the field parameters [for details, see comments to Eqs. (|123p and (|124p . and Figs. (5)- (8)]. The Pauli 
principle states that no two identical fermions may occupy the same quantum state simultaneously. It could be noted 
again that the dynamics of the above-considered spinor finite-fields is determined by the Euler-Lagrange equation of 
motion with the initial and boundary conditions imposed. The physical parameters of the cross-correlating relativistic 
fields are described by the respective equations of Sees. (2.1.2.) and (2.1.3.), where the unit-fields (spinor particles or 
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electrons) have the relativistic energy Eq = (Icq+TOq)^/^. The physical parameters of the non-relativistic (kg — >■ 0) cross- 
correlating fields are described by these equations, where the unit-field energy is given by Eq « (kQ/2mo) +mo. In the 
present model, the transition fi:om the relativistic cross-correlating spinor finite fields to non-relativistic ones is similar 
to the transition from the relativistic infinite field describing by the Dirac equation of motion with the resonator-like 
boundary conditions to the finite waves of probabilities (finite wave-functions) , whose dynamics is determined by the 
Schrodinger equation with the quantum-mechanics boundary conditions imposed. The positive energy-mass of an anti- 
spinor ( ant ip article) in the present model is different from the negative energy-mass of antiparticle (positron) in the 
Dirac field theory, which is based on the Copenhagen-Dirac postulate of the " interference-less" , self- interfering particles 
and the particle (antiparticle) energy-mass Eq = ±(kQ + ttiq)^/^. Notice, in contrast to the traditional interpretation, 
the Dirac equation was originally formulated and interpreted by the author as a single-particle equation analogous to 
the Schrodinger equation. 



3. FORCES MEDIATED BY GRADIENTS OF THE CROSS-CORRELATION ENERGY 



This section considers the general properties of the forces between the interfering particles (bodies) causing by 
gradients of the cross-correlation energy. Generally speaking, there are two kinds of forces that describe the interaction 



between objects (particles) |3l-l5l. Illl - ll8l |. In quantum field theories, the forces acting upon a particle are seen as the 
action of the respective gauge-boson field that is present at the particle location. In the perturbative particle field 
theory, the forces are attributed to the exchange of the field virtual particles (gauge bosons). In the Einstein theory 
of general relativity, the gravitational interaction between two objects (particles) is not viewed as a force, but rather, 
objects moving freely in gravitational fields travel under their own inertia in straight lines through curve space-time. 
It will be shown that the physical mechanism behind of the forces inducing by gradients of the cross-correlation energy 
is similar to the two aforementioned traditional mechanisms. 

Let me describe the forces mediating by gradients of the cross-correlation energy of the interfering particles (unit- 
fields) in the form, which does not depend on the kind of the particles. For the sake of simplicity, we first consider 
the cross-correlation (interaction) of the two unit- fields (particles). According to the present model [for the scalar 
bosons that interfere with each other, see Eqs. ([6]), ([7]) and (jH)], the total energy H of the two arbitrary unit-fields 
"001(1", t) and 002(1", t) at the time moment t = ti2 is calculated by integrating the Hamiltonian density h in the space. 
In the general form, the Hamiltonian contains the canonical energies of the single fields -001 and 0o2 , which occupy 
respectively the volumes Vi = V\\ and V2 = V22, and the cross-correlation energies of the fields overlapped in the 
common volume AV12 = AV21 at the time moment t\2'. 



(110) 

n=l n^m n=l n=£m'' ^^""^ 

where h„m is the Hamiltonian density, which takes into account the interference between particles, namely the 
interference of the unit-fields 0oi(i"i,ii2) = 0i(ri) with 0O2(r2,^i2) = ■02(r2). In the case of the two identical 
particles, the unit-fields are described by 0i(ri) = 0(r), 02(r2) = 0(r + R), 01(1"!) = 0'*(r) and 02(r2) = ip*{r + R), 
where R is the distance between the unit-fields (particles) [see, the illustration for the non-complex unit-fields in Fig. 
2]. The particle energies Jin and H22, which depend on neither the coordinate r nor the time t after the integration 
over the volumes Vn and V22, are permanent (constant). The cross-correlation energy 7^12 -1-^21, however, depends 
on the overlapping (interference) of the fields 0^1 (r) with 02 (r -I- R). For more details see Sees. (1) and (2). The cross- 
correlation energy H12 + ^21, which depends on the distance R between the particles ( unit- fields ) , can be presented 
as the potential energy ■Hi2(R) -I- 'H2i(R). Then the force F causing by the gradient of the cross-correlation energy 
is given by 



with 

dn f d 



I ■7^[hi2{r,r + R) + h2i{r,r + -R)]d^x, (112) 

where r = x'e.; and R — R^ei. In an ensemble of the N unit-fields (particles), the force F^ acting upon a particle 
having the index q is seen as the action of the — 1 unit-fields, which are present at the particle location: 
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FIG. 2: The two identical unit-fields (particles) with "01(3;) = tp{x) and tl^2{x) = tp{x — R), where 7? is the distance between the 
unit-fields (particles) . 



with 

= XI / Tr^[hqn{rg,rg+Tiqn) + Kg{rg,rg+Iinq)](fxq, (114) 

"^9" n^g J^^t^ "^qri 

where r„ = + Rq„ is the spatial coordinate in the field V'n(rn)- It should be stressed that Eqs. (|110p - (|114p do 
not depend on the kind of the unit- fields (particles). One can easily apply these equations for the boson and fermion 
fields of any kind. The quantization (second quantization) of the non-quantum fields by replacing the fields by the 
respective field operators does not change Eqs. (|110p - (|114p [see, Sec. 2]. Thus the quantum cross-correlation energies 
and respective forces of the fields of operators are equal to the non-quantum values of the " non-quantum" unit-fields 
of the matter described in Sec. (2). Although the properties of the force (jllll) depend on the concrete forms of 
the unit- fields ■(/'oi(ri) and V'02(r2), the several general properties can be derived without the knowledge of the exact 
forms of the fields. For instance, if the Hamiltonian (|110p is not invariant under the C/(l) local gauge transformation 
{ipQn — >■ V'on = e*""V'On), then the gauge symmetry breaking gives rise to the phase-dependent interference between 
the unit-fields ■ipoi{v,t) = tpQi{v,t)e^°'^ and V'02(i", = 'ip2{r,t)e^"^ resulting into the phase-dependent interaction 
between particles by the gradient of the cross-correlation energy. The force (|llip is attractive if the gradient of the 
cross-correlation energy of the two-unit fields (particles) is positive. In such a case, the maximum and minimum of 
the total energy (|110[) are achieved in the limits R-i>C)o and R— >■ 0, respectively. In the case of the negative gradient 
of the cross-correlation energy, the force (lllip is repulsive. The maximum and minimum of the total energy of the 
repulsive unit-fields (particles) correspond respectively to the limits R-^ and R— >-oo. 

In the terms of the virtual processes (transitions) of the traditional particle field theory, the quantum cross- 
correlation energy and the respective force associated with the gradient of this energy can be considered as the 
product of the virtual exchange of the indistinguishable unit-fields (particles) [see, Eq. (|65))]. In other words, the 
cross-correlation energy and the force could be attributed to the simultaneous creation/destruction of the unit- field 
rpoi{r) and the simultaneous destruction/creation of the unit-field ?/'o2(r)- The cross-correlation in such a virtual 
process is associated with the indistinguishableness of identical unit- fields V'oi(r) and ^'02(1") under the interference 
(interaction) . The above-described picture of the virtual quantum exchange of the indistinguishable unit-fields (par- 
ticles) under the quantum interference, which induces the interaction force associated with the gradient of the cross- 
correlation energy, is quite similar to the exchange of virtual particles for a short time {At < 1/ Ae) in the perturbative 
particle field theory, where the forces are due to the exchange of the virtual particles (gauge bosons). It should be 
stressed, however, that the cross-correlation energy associated with the interference between particles (unit-fields) 
does not exist in quantum mechanics and particle field theory based on the traditional interpretation of quantum 
interference [1, 3, llll - fisj . The picture of interaction of the particles by the cross-correlation of the unit-fields is also in 
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agreement with the Einstein theory of general relativity. According to this theory, the massive object motion, which in 
classical mechanics is ascribed to the action of the attractive force between two objects, corresponds to inertial motion 
of the objects within a curve geometry of spacetime In general relativity there is no force deflecting objects from 
their natural, straight paths. Instead, the motion corresponds to changes in the properties of spacetime (spacetime 
field), which in turn changes the straight paths that objects will naturally follow. The field curvature is caused by 
the energy-momentum of matter. In other words, the massive object determines the curvature of the spacetime field, 
in turn, the spacetime field governs the matter motion. The physical mechanism of the forces associated with the 
cross-correlation of massive unit- fields (particles) under the classical or quantum interference (interaction), which is 
described by Eqs. (|110p - ()114p . is very similar to the Einstein mechanism. Indeed, the motion of the first unit- field 
(particle) V'l in the presence of the second unit-field (particle) "02 can be described by the following equation 

dpi dH 

where pi is the momentum of the first unit-field (particle) at the time moment i = ti2, and —[dH/dR^]ei — F. The 
motion is determined by the gradient (" curvature" ) of the density of the cross-correlation energy (spacetimc-like field 
term) 

[/ii2(r,r + R) + /i2i(r,r + R)], (116) 



namely by the gradient ("curvature" 



^[;ii2(r,r + R) + /i2i(r,r + R)] (117) 



of the spacetime-like field term in Eqs. (Illip and (IllSp . The change of the particle motion corresponds to changes 
in the properties of the spacetime-like field term, which, in turn, changes the straightest-possible paths that the 
first particle will follow without presence of the non-quantum or quantum unit-field of the second particle. The 
gradient "curvature" (|117p of the spacetime-like field term (I116P is caused by the presence of the second particle 
(unit-field) . Without presence of the second particle, the gradient " curvature" (|117p of the spacetime-like field term 
(|116p is zero, and the first particle moves freely {dpi/dt = 0). The change of the properties of the spacetime-like 
field term (|116p can be considered as the change of the gradient (" curvature" ) (|117p of the spacetime-like field term 
(|116p . Some physicists say that the particles "tell" the spacetime-like field term how to curve; the spacetime-like 
field term "tells" the particle how to move. Mathematically, the general relativity replaces the gravitational potential 
of classical physics by a symmetric rank- two field tensor. In the present model, the gradient ("curvature") of the 
cross-correlation energy is also viewed rather as a symmetric rank-two field tensor than the gravitational potential 
of classical physics. The force (jllll) corresponds to the attractive gravitational force if the gradient ("curvature") of 
the cross-correlation energy of the two unit-fields (particles) is positive. The force (|llip corresponds to the repulsive 
gravitational force, if such a force does exist, in the case of the negative gradient of the cross-correlation energy. 
Although the cross-correlation mechanism compare well with the Newton and Einstein mechanisms of gravitation 
forces, the cross-correlation energy-mass is the nonexistent energy-mass in both the classical physics and Einstein 
general relativity. It should be stressed again that the above-presented analysis does not depend on the kind of the 
cross-correlating fields. 

In order to make the above-presented general analysis more transparent let me consider several particular examples. 
The following examples describe the static forces inducing by gradients of the cross-correlation energy in the ensemble 
of static (time- independent) boson scalar unit-fields ?/'On(r,i) — '0Oji(r). The static unit- fields ?/'On(r) = tpn{^) can 
be treated as the fields with dipn(r,t)/dt — 0. The total energy of the two boson unit-fields is found by using Eq. 
(O. For the two unit-fields (particles) with ^i(r) = 7/;i(r)e'"i, ip2i'r) = 7/'2(i")e'"^ , iplir) = 7/i^(r)e~'"i and 'ip2i''^) = 
'(/'2(r)e~'"^, which can be presented respectively as ipi{r) = 0(r)e'"i, "02(1") = 0(r -I- R)e*"^ , '0i(r) = 0*(r)e~'"i, 
-02 (r) = 0*(r + R)e~*"^ [see, the illustration for the non-complex unit-fields in Fig. 2], Eqs. ([6|) and (jllOp yield the 
total energy 

H^Hi+n2+Hi2{B:), (118) 

where 

/•OO /'OO 

ni+H2= [m20*(r)0i(r)+V0i*(i-)V0i(r)]d32;+ / [m20*(r)V'2(r) -I- V02*(r)V02(r)]d3x. (119) 
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is the part of the total energy, which does not depend on the distance R. Here, the term Hi2{R) denotes the cross- 
correlation energy 'H\2{R) + 'H2i{R), and the self-correlation energies are given by "Hn = Hi and I-L22 = ^2. In 
order to satisfy the Einstein theory of relativity, the energy (|119p should be equal to the Planck-Einstein energy 
e = (kf + mj)^/^ + (k2 + TOj)^/^ of the two non-correlating unit-fields (particles): 

Hi + 7^2 = (k? + m?)i/2 + (k2 + mlf/\ (120) 

The cross-correlation energy 'Hi2(i?), which depends on the distance i?, is given by 

/oo 
(mim2[e"^("i""^V*(r)V'(r + R) + e^^"!""^) V(r)V'* (r + R)] + 
-00 

+ [e~*("i-"^)V?/'*(r)V?/'(r + R) + e'("i-"^)VV'(r)VV'*(r + R)])d^x. (121) 
The force corresponding to the gradient of the cross-correlation energy is given by Eq. (|llip . where 

dn r d 



- , ^„.-(mim2[e~*("i-"^V*(r)^(r + R) + e'^"'""'^^(i-)^*(i- + R)] + 

_^[g-i("i-"2)y^*(-i.)y^(j. + R) + e^("i-"2)vV'(r)VV'*(r + R)])d^a;. (122) 

Notice, the integral in Eq. (|122p . which corresponds to the term ()121|) . depends on the coordinates, phases and the pure 
geometry of the boson fields. Remember, that the operator representation [see. Sec. (2)] of the unit-fields ip{r) and 
tp{r + 11) shows that the force (|111|) can be viewed as the product of the virtual exchange of the unit-fields (particles). 
In other words, the force could be interpreted as the product of the virtual process of the creation/destruction of the 
particle in the point (r, t) of the unit-field ip(r, t) and the simultaneous destruction/creation of the unit-field (particle) 
in the same point (r,t) of the unit-field 'ip{r + Il,t) at the every time moment t. The pure geometrical nature of 
the force can be emphasized by using the unit masses mi — 1 and m2 = 1. In such a representation, the gradient 
(" curvature" ) (|122p of the cross-correlation energy p2ip is viewed rather as a symmetric rank- two field tensor of the 
Einstein general relativity than the gravitational potential of classical physics. From the point of view of the present 
model of the particle interactions, which is based on the gradient of the cross-correlation energy, the Einstein and 
quantum descriptions (interpretations) of the forces are equivalent. The difference between the models is in absence 
of the cross-correlation energy mediated by the interference between particles (bodies) in both the Einstein relativity 
and the particle field theory based on the canonical interpretation of quantum interference. The values of the energy 
and force could be calculated by using the concrete field functions ?/'(r) and '0(r -I- R). The attractive or repulsive 
character of the force (jllip is determined by the sign 5 = ±1 of the cross-correlation energy Hi2{R)- For an example, 
in the case of ip{v) = '0*(r) and ^'{^ + R) = V-'*(r + R)i the expressions (|12ip and (|122p can be presented in the very 
simple forms 

/oo 
[miV(r)m2V'(r + R) + VV'(r)VV'(r + R)]d^x (123) 
-00 



and 



81-1 f°° 8 

-g^=^^Gj — [mi V'(r)m2 V(r + R) + VV^r) W^r + R)]^^^;, (124) 



where S = cos(ai — a2)/|cos(ai — a2)| and G = | cos(ai — a2)|- The sing S and the coupling parameter G are 
dimensionless constants, which are determined by the experimental data for the energy and force of the concrete boson 
unit-fields. If Eqs. (|123l) and (|124p are applied formally to the fermion particles (electrons) with the spins si = ±1/2 
and S2 — ±1/2, then the sign S = cos(ai — a2)/| cos(ai — a2)| can be considered as the sign of the product SG ^ siSi, 
which does not depend on the intrinsic or non-intrinsic angular momentums of the unit- fields (particles). Notice, the 
Planck-Einstein energy (|120p of the two unit-fields (particles) does not depend on the SG product associated with 
the spins si and S2- The cross-correlation energy (I123P may be reinterpreted as the Heisenberg-Dirac energy of the 
exchange interaction of the spins. The cross-correlation force mediating by the gradient of the energy (|123p would 
be attractive if the electrons have the different spins, si — ±1/2 and S2 — Tl/2. This case corresponds to the phase 
difference 7r/2 < ai — a2 < 37r/2. The unit-waves with the phase difference ai — 02 = 7r/2 or ai — a2 = 37r/2 do not 
interfere (interact) one with another. The force would be repulsive if the electrons are identical, si = S2 = ±1/2. The 
repulsive force corresponds to the phase difference < ai — a2 < 7r/2 or 37r/2 < ai — Q!2 < 27r. In other words, the two 
identical fermions (unit-fields) cannot occupy the same single-particle states because the overlapped unit-fields cannot 
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and 



share the common volume due to the repulsive force. In the present model this could be interpreted as the Pauli 
exclusion principle. That means that the physical mechanism (interpretation) behind the Pauli principle in the present 
model is different from the quantum mechanics and particle field theory based on the waves of probabilities or the waves 
of operators. For instance, in quantum mechanics, the two-particle system is described by a symmetric (boson) or 
antisymmetric (fermion) state, which has been mathematically constructed by using the probability amplitudes (wave- 
functions) of the particles. If the electrons are the same, the mathematically engineered antisymmetric expression 
of the state gives zero. Therefore, in an antisymmetric state, two identical particles cannot occupy the same single- 
particle states. This is known as the Pauli exclusion principle, which in quantum mechanics has the pure mathematical 
interpretation based on the mathematical properties of the antisymmetric state (function). In particle field theory, 
the Pauli exclusion principle is attributed to the mathematical properties of the canonical commutation relation 
(pure mathematical object) of fermions. The mathematical construction of the antisymmetric state (function) in 
quantum mechanics or the canonical commutation relation of fermions in particle field theory yields the Fermi-Dirac 
statistics, whose interpretation is also pure mathematical. Similarly, the modeling of the boson gas by a symmetric 
state (function) or the use of the canonical commutation relation of bosons leads mathematically to the Bose-Einstein 
statistics. In the present model, the physical mechanism (interpretation) behind the Bose-Einstein statistics, Fermi- 
Dirac statistics and Pauli exclusion principle is attributed to the repulsive or attractive forces associating with the 
additive or subtractive interference (cross-correlation) of the real unit-waves (bosons or fermions) of the matter. It 
should be noted (see, Eq. ([T2T]) ) that the sign Si of the product TOim2[e^*("i""^V*(r)V'(r + R-) + e'("^""')V'(r)^*(r + 
R)] can be different from the sign ^2 of the product [e-*("i-""W'0*(r)V?/'(r R) e'("i-"=) V'0(r)VV'* (r + R)]. 
Therefore the expressions ()123|) and ()124[) can be presented in the forms containing the signs Si and 5*2 as 

/oo 
(5iTOim2|e-*("i-"2V*(r)^(r + R) + e*("i-"^ V(i-)V'*(i- + R)l + 
-OO 

-F52|e-'("i-"^'VV'*(r)VV'(r + R) + e*("i-"^)V^/'(r)VV'*(r + R)\)d^x. (125) 

qt; poo a 

J ai?^('^i"^i"^2|e-^("^-"^)V*(r)V'(r + R) + e^^"^""^) V(r)V'*(r + R)| + 

-HS'2|e-'("i-"^)VV'*(r)V?/'(r + R) + e'^^^-^^' VV'(r)VV'* (r + Ii)\)d^x. (126) 

In the case of Si S2, the interference of unit-fields could be neither purely constructive nor purely destructive 
interference. Respectively, the interaction of unit-fields would not be purely repulsive or purely attractive. Thus 
the statistics would be different from the Fermi-Dirac or Bose-Einstein statistics. Some general properties of the 
energy and force determining by Eqs. (123)-(126) can be derived without knowledge of the exact functions ipir) and 
'0(r + R). In the limit R— >oo, the cross-correlation energy and force are equal to zero due to non-overlapping of the 
fields tp{r) and ■i/;(r -I- R). The total energy (IllSp of the two unit-fields (particles), which can have the positive or 
negative gradient of the cross-correlation energy for the different distances R, is equal to the Planck-Einstein energy 
£ = (kf -I- miy/^ + (k2 + mj)^/^ at R— ^00. In the limit R-^-O, the energy (jllSp of the two particles depends on 
the additive or subtractive character of the cross-correlation and the nature of the particles. Also note that the 
interference (annihilation) of the particle and antiparticle yields the energy £ = 0. The energy of the particles with 
repulsive forces tends to infinity. 

The above-considered general properties and behaviors of the energy and force could be understand better by 
considering the one-dimensional (1-D) scalar unit-fields (bosons) with the two simplest forms of the unit-field functions, 
namely the static unit-fields describing by the functions [see, the illustrations in Figs. (3) and (4)] 

V'(r) = V(x) = (3m/8)-i/2(l + \x\)-^ (127) 

and 

7/^(r) = ^Pix) = (m/2.6)-i/2(i + \x\)-^e-'^^^^^^'=\ (128) 

which could be considered as the quasi-solutions of the 1-D Euler-Lagrange equation of motion having the form of 
the Klein-Gordon-Fock equation. In order to emphasize the pure geometrical character of Eqs. (121)-(126) for these 
fields, I have performed the all computations with the unit masses nii — 1 and ni2 ~ 1. Notice, the introduction 
of the unity into the solutions ■(/'(r) ~ d^;])"^ and V'(r) ~ (|a;|)~^e~'^/^^l^l of the Klein-Gordon-Fock equation has 
been performed for the mathematical simplicity, only. The fields (I127P and l\128\i do satisfy the Planck-Einstein 
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FIG. 3: The two identical unit-fields (particles) with tp(r) = i}){x) = (3m/8)"^/^(l -f |a 
(3m/8)~^'^^(l + |k — _R|)~^, where 7? is the distance between the unit-fields (particles). 



and ij){v -f R) = ij){x - R) = 




FIG. 4: The two identical unit-fields (particles) with i/'(r) = ^p{x) = (m/2.6)"^''^(H- |x|)"^e"'^/^>l''l and V(r + R) = tpix-R) = 
(m/2.6)"^/^(l +\x — _Rl)~^e~'^/^'l''~^l, where R is the distance between the unit-fields (particles). 



energy e = (k\ + rn^)^/^ + (k-^ + rn^^l'^ of the two interference-less unit-fields (particles) without the divergences 
in the point x = 0. Figures (5) - (8) show the calculated energy and force for the fields ()127p and (|128p . The pair 
of the unit-fields V(r) = i^ix) = (3m/8)-i/2(l ^ \x\)-^ and V(r + R) = iIj{x - R) = (3m/8)-i/2(l + \x ~ R\)-^ 
could be considered as the particle pair, which obeys the inverse square law, with the "relatively weak" (do not 
confuse with electroweek) long-range interaction associated with the Coulomb or gravitational force [Figs. (5) and 
(6)]. Figures (5) and (6) show the calculated energy and force, respectively. The calculated energy and force are 
compared with the energy e{R) — [mi + TO2) + 56*10(1 -t- |i?|)^^ and force —d£{R)/dR, which are similar to the 
Newton potential energy and force. The signs S = +1 and S ~ —1 correspond to the repulsive and attractive forces, 
respectively. The force (jllip slowly increases with decreasing the distance i?, \F{R)\ ^ At the distance less 
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FIG. 5: The calculated energies (1,2) and (3,4) are compared with the energies e{R) = (mi + rn2) + 5G10(1 + \R\y\ where 
the signs 5 — —1 and S = +1 correspond to the curves (5) and (6), respectively. The signs (<Si = 1, S2 = —1) and (Si = — 1, 
<S2 = 1) correspond to the curves (1) and (3), respectively. The signs (iSi = <S2 = — 1) and (<Si = <S2 = 1) correspond to the 
curves (2) and (4), respectively. 
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FIG. 6: The calculated forces (1,2) and (3,4) correspond to the calculated energies (1,2) and (3,4) of Fig. 5. The forces (1,2) 
and (3,4) arc compared with the forces ~de{R)/dR, where the energies e{R) = (mi + m2) + 5G10(1 + \R\y^ and the signs 
5 = — 1 and 5 = +1 correspond to the curves (5) and (6), respectively. The signs (iSi = 1, S2 = —1) and (Si = —1, S2 = 1) 
correspond to the curves (1) and (3), respectively. The signs {Si =82 = —1) and {Si = S2 = 1) correspond to the curves (2) 
and (4), respectively. 

than approximately 1, the attractive and repulsive forces exchange the roles in the case of the curves (1) and (3) 
of Figs. (5) and (6). The calculated energy ("H = 1.9) approaches the total energy {H = 2) of the free particles 
at the critical distance Rc ~ 10^. In the case of the curves (1) and (3) of Figs. (5) and (6), the energies have 
extreme values at the distance i? « 1. In the case of the curves (2) and (4) of Figs. (5) and (6), the energies have 
maximum or minimum values at the distance R = 0. The bounded unit-field pare with the minimum energy at 
the distance R ^ 00 could be considered as a composite particle. Note that the considerable energy-mass defect 
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FIG. 7: The calculated energies (1,2) and (3,4) are compared with the energies e{R) = (mi + 7712) + SG{1 + |ii|)~^e~'^''^'l^l , 
where the signs 5 — —1 and <S — +1 correspond to the curves (5) and (6), respectively. The signs {Si = 1, S2 = —1) and 
(iSi = —1, S2 = 1) correspond to the curves (1) and (3), respectively. The signs {Si = S2 = —1) and (<Si — S2 ~ 1) correspond 
to the curves (2) and (4), respectively. 



AH = % — {Hi + H2) = T~Li2 exists in such a case [see, the comments to Eq. (PSj) ]. The calculations have been 
performed for the fields with the cross-correlation (interaction, coupling) parameter G=l. The field (|127p could be 
attributed to the one-dimensional gravitational field if the sign-coupling dimensionless constant SG is equal to the 
respective Newton constant of gravitation. If the field ?/'(r) is associated with both the unit-mass m and unit-charge 
q, then the fields V'l and V'2 are presented as ipi{'m,x) = ipi{m^q,x) and ip2{xn,x) = '02(w, a;). The energy (mass) 
of the composite one-dimensional field is described by Eq. (|118|) . where the parameters should correspond to the 
Planck-Einstein energy of two charged particles. That means the energy pi9p is equal to the Planck-Einstein energy 
Hi + H2 = JTii -|- 777.2 of the two charged massive unit-fields (with the spin s = or s ^ 0) at the rest in the limit 
i? — > 00. The charges of the particles (as well as the particle spins) are attributed to the sign-coupling product 
SG = S^qiq2, which characterizes the sign and value of the gradient of the cross-correlation (interaction, coupling) 
energy under interference of the two charged unit-waves [see, also comments to Eqs. (|123|) and (|124p ]. The unit-fields 
could be attributed to the one-dimensional Coulomb fields if the sign-coupling dimensionless constant is equal to 
the respective Coulomb constant. The pair of the unit-fields ■0(r) = 'ip{x) — (7m/2.6)^^/^(1 + [xD^^e^*^^/^-*!^' and 
'(/'(r-l-R) = i^{x — R) = (7(7/2. 6)~^/^(1 -I- [x — i?|)~^e~(-'^/^)'^~^l could be considered as the particle pairs, which obeys 
the exponential law, with the strong or weak short-range interaction associated with the respective strong or weak 
force. The calculated energy and force of the composite field t/'(r) + '0(r + R) is shown in Figs. (7) and (8). The 
calculated energy and force are compared with the energy e{R) = {mi -\- 1112) + SG{1 + |i?|)~^e~^^/^'l^l and force 
—de{R)/dR, which are similar to the Yukawa potential energy and force. The sign S = -1-1 or 5 = — 1 corresponds 
to the repulsive or attractive force, respectively. The force (|llip rapidly decreases with increasing the distance R, 
|F(i?)| ~ |i?|~^e~l^l. At the distance less than approximately 1, the attractive and repulsive forces exchange the 
roles in the case of the curves (1) and (3) of Figs. (7) and (8). The calculated energy {H — 1.9) approaches the 
total energy {H = 2) of the free particles at the critical distance Rc ~ 5, which is short in comparison to the critical 
distance Rc « 10^ of the weakly interacting (mass-induced or charge-induced) fields. In the case of the curves (1) and 
(3) of Figs. (7) and (8), the energies have extreme values at the distance i? « 1. In the case of the curves (2) and (4) 
of Figs. (7) and (8), the energies have maximum or minimum values at the distance i? = 0. The bounded unit-field 
pare with the minimum energy at the distance R ^ 00 could be considered as a composite particle. Note that the 
considerable energy- mass defect AH = H12 exists in such a case [see, also the comments to Eq. (|35l) ]. The energy 
associated with the energy-mass defect is usually called the binding energy. The field (jl28p could be attributed to the 
one-dimensional Yukawa field if the sign-coupling product is equal to the respective Yukawa constant. Respectively, 
the field (I128P could be attributed to the strong or weak short-range interaction if the sign-coupling product SG is 
equal to the respective strong or weak force. I have presented the computer results for the "weak" (|127l) and "strong" 
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FIG. 8: The calculated forces (1,2) and (3,4) correspond to the calculated energies (1,2) and (3,4) of Fig. 7. The forces (1,2) 
and (3,4) are compared with the forces —de{R)/dR, where the energies e{R) = (mi + ma) + 5G(1 + \R\)-''e-^'''^^^^^ and the 
signs S = —1 and S — +1 correspond to the curves (5) and (6), respectively. The signs (<Si = 1, S2 = —1) and (5i = — 1, 
52 = 1) correspond to the curves (1) and (3), respectively. The signs {Si =82 = —1) and (5i = 52 = 1) correspond to the 
curves (2) and (4), respectively. 

p28p boson scalar unit-fields. The results for the vector boson fields and fermion fields are similar to the boson scalar 
unit-fields. One can easily compute the energy and force by using the presented model for the vector boson fields 
and the spinor fields, as well as for the composite fields composed from both the boson and spinor fields. It should 
be mentioned again that the above-described bounded unit-field pair, the pair that has the minimum energy at the 
distance R ^ 00, is considered as a stable composite particle. To provide the stable state at the distance R = 0, 
the sign Si of the product ip{r)ip{r + R) should not be different from the sign ^2 of the product V?/'(r)V-!/'(r -I- R), 
namely iSi = — 1 and ^2 — ~1. Such a two-particle state (particle) is the degenerate state because the two unit-fields 
(particles) are indistinguishable, in any space-time point. In other words, such a particle does not have any internal 
structure (substructure). The stable non-degenerate state (composite particle with measurable internal structure) is 
provided by the signs 5i = 1 and ^2 = — 1 at the distance < i? c». Notice, the Einstein and traditional quantum- 
field descriptions of the forces are equivalent from the point of view of the present model of the particle interactions, 
which is based on the gradient of the cross-correlation energy. The difference between these models is in absence of the 
cross-correlation energy mediated by the interference between particles (bodies) in both the Einstein relativity and 
the quantum-field theory. The cross-correlation energy-mass associated with the cross-correlation (interference) of 
bodies (particles) does not exist in the Newton mechanics, Einstein mechanics, quantum-mechanics and quantum-field 
theory, where the material bodies (point particles of quantum mechanics and quantum field theory) are separated 
by the mass- less "straight" empty space of Newton mechanics or the mass- less "straight" or "curve" empty space 
of Einstein relativity, quantum-mechanics or quantum-field theory. Strictly spiking, the physical picture is more 
complicated in quantum field theory, where the curve empty space (vacuum) between the point particles is full-filled 
by the virtual particles (gauge bosons). In astrophysics and cosmology, the invisible energy- mass is usually called the 
"dark" energy-mass. In order to account for the well-known discrepancies between measurements based on the mass 
of the visible matter in astronomy and cosmology and definitions of the energy (mass) made through dynamical or 
general relativistic means, the present model does not need in hypothesizing the existence of "dark" energy- mass. In 
the present model, the " dark" cosmological energy- mass as well as the well-known spiral cosmological structures are 
attributed simply to the cross-correlation (coherent) energy-mass of the moving cosmological objects. For instance, 
the unit-fields (particles) of cosmological objects moving in the same direction with the same velocity have the 
same moments kn = k. According to the present model [for more details, see Sec. (2)], the interference between the 
macroscopic bodies (fields) composed from such unit-fields does induce the cross-correlation energy-mass, which would 
be undetectable by emitted or scattered electromagnetic radiation in astronomical and cosmological observations. In 
this connection note that an infinite unit-field (for instance, "(/"(r) ^ |r|^^) occupying the finite volume {V 7^ 00) of 
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the visible universe is overlapped with the superposition of all other infinite unit-fields. The energy of such an infinite 
unit-field includes both the canonical energy of the single unit-field (particle) and the cross-correlation energy (Scc) 
associated with the interference (cross-correlation) with the superposition of all other infinite unit-fields (the physical 
vacuum of the visible universe). The cross-correlation energy in such a case could be considered as the energy of 
interaction of the unit-field (particle) with the physical vacuum of the visible universe (Ecc — at V — j> oo ). Also 
note that this cross-correlation energy increases with the increase of the momentum k of the unit-field (particle) that 
could be interpreted as the increase of the particle mass in agreement with the Einstein special relativity (see, for 
more details Part II.). One should not confuse the true vacuum of the Einstein or Newton model with the physical 
vacuum of the above-presented model of the visible universe occupied by the interfering finite and infinite unite-fields. 

The general properties of the forces induced by the cross-correlation energy of the interfering particles have been 
illustrated by the numerical solutions for the pairs of scalar-boson unit-fields. One can easily follow the model 
for an arbitrary number of the vector-boson and fermion unit-fields having the arbitrary values of the rest masses 
(m„ = rrion), charges (g„ = gon) and spins (s„ = son) of the unit-fields (particles). The fields can cross-correlate or 
not cross-correlate with each other. For instance, the electron and photon fields do cross-correlate (interact) with each 
other. The gravitational (mass-induced) field also does cross-correlate (interact) with the charge-induced EM field 
of photons. In other words, the gravitational field deflects photons. It should be mentioned in this connection that 
a tiny attractive force between closely placed metal plates in the Casimir effect, which according to Hendrik B. G. 
Casimir and Dirk Polder is due to the van der Waals force between polarizable molecules of the metallic plates p5| . 
is attributed in the present model to the cross-correlation energy of the plates, which could be reinterpreted as the 
zero-point energy (vacuum energy) of traditional quantum mechanics associated with the virtual exchange of particles 
of the quantum fields associated with the molecules. The gradient of the cross-correlation energy falls off rapidly with 
the distance [see, Figs. (5)-(8)]. Therefore the force should be measurable only when the distance between the plates 
is extremely small. 

4. THE NON-ZERO CROSS-CORRELATION ENERGY AND QUANTUM INTERFERENCE 

Physical phenomena involving the interference (cross-correlation) of classical or quantum finite-fields would be 
affected by the interference between particles if the cross-correlation energy of the fields docs not equal to zero. Before 
considering the conditions of the non-zero cross-correlation energy let me briefly show how the cross-correlation model 
presented in Sees. (2) and (3) addresses the principal questions of Sec. (1), which have not been explained by the 
quantum mechanics and particle field theory based on the Dirac interpretation of quantum interference. 

4.1. The present model versus the canonical interpretation of quantum interference 

In the canonical quantum mechanics and quantum field theory based on the Copenhagen-Dirac postulate 
of the " interference- less" , self- interfering particles, the wave-functions ■0„(r,t) of particles are not additive 
[■(/'(r, i)^^ ^jj^-^ '0„(r, t)] due to the non-additivity of the probability amplitudes (the probabilities of quantum al- 
ternatives are not additive). In other words, the particles do not interfere with each other. The interference (cross- 
correlation) between particles or antiparticles in these theories never occurs in agreement with the Copenhagen-Dirac 
postulate because of the gauge symmetry of the mathematically constructed (engineered) Hamiltonians under the U{1) 
local gauge transformation {ipon — ^ "tp'on — e'""'0On)- In other words, the absence of both the interference between 
particles and the respective cross-correlation energy is provided by the U{1) gauge symmetry of the Hamiltonians 
constructed to be independ from the pases q;„. In the present model, both the non-quantum and quantum fields are 
modeled as superpositions of the interfering unified-fields. The Hamiltonians of such non-quantum and quantum fields 
are not invariant under the U{1) local gauge transformation given rise to the interference between the non-quantum or 
quantum fields and the dependence of the Hamiltonians (energies) on the field phases. Naturally, the dependence of 
energy on the unit-field phases could determine the uncertainty of energy in the tunneling process of any kind. There 
is no difference between the fields composed from the non-quantum or quantum unit-fields (particles). That is in 
agreement with the general correspondence principle that the quantum and classical treatments must be in agreement 
not only for a very large number of particles. In the present model, the non-quantum and quantum treatments are 
in agreement for an arbitrary number of particles (unit- fields). The Copenhagen interpretation (philosophy) of the 
de Broglie wave associated with a particle as the wave of probability presents a more or less intuitively transpar- 
ent background for the physical interpretation of quantum mechanics. However, the Copenhagen interpretation of 
the de Broglie wave using the pure mathematical object (probability) does not solve really the problem of physical 
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interpretation of quantum mechanics. The wave of probabihty is not a real physical matter. In particle field the- 
ory, up to now, it is not completely clear how to interpret physically the wave (field) of operators. An operator is 
also rather a pure mathematical object than a real physical matter. Note in this connection that the problem of 
interpretation associated with the concept of probability does not exist in the Newton and Einstein mechanics. For 
an example, the real propagation of material particles in a gas is associated with the real mass, speed and kinetic 
energy. Each particle of the gas has the real (concrete, particular) speed and kinetic energy that can be equal or 
not to the pure mathematical counterparts, the average or expected values. In other words, the every particle of the 
gas propagates rather with a concrete (specific) speed than with the average or expected velocity. The average (ex- 
pected) speed and the respective kinetic energy are the pure mathematical objects calculated by using the probability 
(pure mathematical object) associated with another pure mathematical objects, the Bose-Einstein and Fermi-Dirac 
statistics. In the present model, the unit-wave associated with a boson or fermion particle, unlike the wave of proba- 
bility or operators in quantum mechanics or particle field theory, is a real finite unit-wave (unit-field) of the matter 
(energy) with the Bose-Einstein or Fermi-Dirac cross-correlation properties. The Copenhagen-Dirac interpretation 
of quantum interference does strictly exclude existence of the particle interference and cross-correlation energy. The 
interference between bodies (particles) and the respective cross-correlation energy do not exist also in the Einstein 
general relativity. The classical wave physics and the present model do use the interference and cross-correlation 
energy in description of the pure additive or subtractive interference. For both the classical and quantum fields, in 
the present model, the two-times increase of the wave amplitude does increase the wave energy in four times, and 
the wave with zero amplitude has zero energy. The quantum field energy calculated by using the present model is 
equal to the classical value. In order to account for the well-known discrepancies between measurements based on 
the mass of the visible matter in astronomy and cosmology and definitions of the mass made through dynamical or 
general relativistic means, the present model does not need in hypothesizing the existence of "dark" energy- mass. 
In the present model, the "dark" cosmological energy-mass as well as the well-known spiral cosmological structures 
are attributed to the cross-correlation energy- mass of the moving and interfering cosmological objects (particles). 
In particle field theory, the Dirac particle energy £0=1^0 + (l/2)wo is different from the Planck-Einstein particle 
energy eq = ujq = (kg -I- TOq)^/^ [Hill- The quantum energy Sq = (l/2)a;o, which is identified as the vacuum energy 
associated with the particle, does contradict both the Einstein theory and classical physics of the empty space. In the 
present model, both the non-quantum and quantum energies of a particle are equal to the Planck-Einstein particle 
energy Eq = (^0 — (kg + rrv^y^^. The positive energy-mass Eq — (k§ -I- ttiq)^/^ of antiparticles in the present model is 
different from the negative energy-mass of the antiparticles satisfying the energy-mass relation Eq = ±(k§ -I- mg)^/^. 
In the present model, the non-quantum and quantum vacuum energies are identified with the Planck-Einstein vacuum 
energy Eyac = 0. In quantum theories of particle physics, the forces acting upon a particle are seen as the action 
of the respective gauge-boson field that is present at the particle location. In perturbative particle field theory, the 
forces are attributed to the exchange of the field virtual particles (gauge bosons). Such a model does not compare 
well with the Einstein theory of general relativity, where the gravitational interaction between two massive objects 
(particles) is not viewed as a force, but rather, objects moving freely in gravitational fields travel under their own 
inertia in straight lines through curve space-time [5]. From the point of view of the present model of the particle 
interactions, which is based on the gradient of the cross-correlation energy of the interfering particles, the Einstein and 
quantum descriptions (interpretations) of the forces are equivalent. One could mention also the problem associated 
with the nonconservation of the number of particles and energy in perturbative particle field theory based on the 
Copenhagen-Dirac postulate of the " interference- free" , self- interfering particles. The renormalization procedures do 
solve the problem, but not for the general case In the present model, such a kind of the problems can be 

solved without the use of the sophisticated renormalization procedures [see, the calculations of energies and forces in 
Sec. (3)]. Finally, the superluminal signaling in quantum mechanics (the Einstein-Podolsky- Rosen paradox), which 
is associated with the J.S. Bell inequalities [lOj, does contradict the Einstein special relativity. The discussion of the 
problem associated with the superluminal signaling in quantum mechanics and particle field theory will be presented 
in Sec. (5). 

4.2. Conditions of the non-zero cross-correlation energy 

Any physical phenomenon involving interference (cross-correlation) of the classical or quantum fields would be 
affected by the interference between particles if the cross-correlation energy of the interfering particles (unit-fields) 
does not equal to zero. In the present model, there is an uncertainty of the energy and moment of the interfering unit- 
waves (particles) do to the phase-dependent energy (momentum) of the superposition of unit-fields. This uncertainty, 
however, should not be confused with the uncertainty of the energy and momentum attributing to the uncertainty 
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principle [2l|, |22| for the single particle. In quantum mechanics, lack of commutation of the time derivative operator 
with the time operator itself mathematically results into an uncertainty principle for time and energy: the longer 
the period of time, the more precisely energy can be defined. In addition, the non-commutation of the momentum 
operator with the coordinate operator mathematically results into the Heisenberg position-momentum uncertainty 

Aa;Afc>l/2, (129) 

which means it is impossible to determine simultaneously both the position and momentum of a particle with any 
great degree of accuracy. In quantum mechanics, the physical mechanism behind the position-momentum uncertainty 
is attributed to the " compression" of the de Broglie wave V'o (r, t) of the particle. According to the Copenhagen 
interpretation of quantum mechanics, the probability amplitude attributed to the wave- function ■!/'o(r, t) of the particle 
determines the probability to find the single particle at the time t and position r. The value ■ipQ{r,t)ipo{r,t) is 
interpreted as the probability density. To obtain an accurate reading of the position of a particle, the mathematical 
object (probability) associated with the particle must be "compressed" as much as possible by the boundaries of other, 
usually macroscopic, objects. Mathematically, that means the wave of probability must be made up of increasing 
numbers of sine waves added together in the Fourier decomposition of the de Broglie wave. The momentum of the 
particle is proportional to the wavelength of one of the sine waves, but it could be any of them. Thus a more precise 
position measurement by adding together more sine waves means the momentum measurement becomes less precise 
(and vice versa). The considered mathematical interpretation sometimes is mentioned incorrectly as the physical one. 

In the present model, there are uncertainties of the position-momentum of both the single unit-field (particle) and 
the superposition of N unit-fields (particles) . The interpretation of the position- momentum uncertainty of the single 
unit-field (particle) is different from the above-presented mathematical interpretation of quantum mechanics. For the 
sake of simplicity, let me consider a scalar boson. The energy of a scalar boson (unit-field) depends on the unit-field 
function t/jq and the spatial "curvature" V'0o of the unit-field in the Hamiltonian density (2). The unit-field function 
is determined by the Euler-Lagrange equation of motion with the initial and boundary conditions imposed. The 
energy of the free unit-field (ITC)) is equal to the Planck-Einstein particle energy e = (k^ -I- m^)^/^ [see, p^ ]. The 
momentum k of the free unit-field (particle) located infinitely far from the boundaries can have an arbitrary value. 
The value depends solely on the unit-field gradient ("curvature") V'i/'o- The localization of the unit- field ipo{x) by 
the boundaries in the region Ax — X2 — xi means mathematically that the real parts of the fields must vanish on the 
boundaries, Re['ip{xi)] = Re[ip{x2)] = 0. The interaction of the unit-field with the boundaries results into selection of 
the unit-field with the spatial "curvature" determining by 'V'ipoix)*'V'ipo{x) = k'^'V'4'oix) 'V'ipo{x), where k = mr/Ax 
(n=l, 2, ...) and Afc = Akmin — tt/Ax. If the value n of the unit-field is unknown, then these relations can be 
presented as the position-momentum uncertainty 

AxAk > TT, (130) 

which is similar to the Heisenberg uncertainty (|129p . The relation (|130p can be rewritten for the energy by using the 
Planck-Einstein particle energy as 

AxA[e2 -to2]1/2 > (131) 

The physical mechanism behind the uncertainties (jl30|) and (|131|) could be attributed to the increase of the spatial 
"curvature" (gradient) Vipoix) of the real material unit-field by interference (interaction) of the material unit- field 
ipo^x) with the particles of material boundaries of macroscopic objects. In other words, the uncertainties are due to the 
interaction (interference) of the particle (unit-field) with the particles (unit-fields) of the external material boundaries. 
Such a physical interpretation of the uncertainties, the increase of the "curvature" (gradient) of the material unit- field 
by the particles of the external boundaries under the spatial localization of the unit-field (particle) , is different from 
the mathematical interpretation based on the " compression" of the mathematical object (probability) associated with 
with a particle, which interferes (interacts) only with itself. It should be stressed that Eqs. (|130l) and (|13ip should 
be used for the particle (unit-field) and not for the empty space (Newton-Einstein vacuum) with k — e — m — 0. 
Equations (|130|) and (|131l) could be generalized for the N unit-waves (particles) localized in the region Ax by using 
Eqs. ([201) and (|34l)- If the unit- waves have the same phases, then Eqs. dSO]), (jMl), (|T30l) . and ([T3T|) yield 

AxAfc > ttN^ (132) 

and 



AxA[e2_m2]V2>^7V2. 



(133) 
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If the phases are unknown, then Eqs. (|132p and (|133|) could be rewritten as 



AxAk > 



(134) 



and 



(135) 



In such a case, the boundaries do determine the "curvatures" VtAoti of the unit-fields V'on, but not select the energy and 
momentum of the unit-field superposition due to the phase uncertainty. The energy and momentum are determined 
rather by the cross-correlation of the unit-fields than by the interaction of the fields with the boundaries. In order 
to derive the energy-time uncertainty, one should consider the unit-field ^^^{x^t) = ipQ{x)ipQ{t) of the matter and the 
localization of the field V'o(0 the time interval At = t2 — ti. The energy e of the field i/jo{x, t) depends on the field 
temporal "curvature" dtpo/dt [see, Eq. ©]. The localization of the unit-field ipo{t) in the time interval At = t2 — ti 
means mathematically that the real parts of the fields must vanish on the time boundaries, Re[ipo{ti)] = -Re[^o(i2)] — 
0. The time-boundary condition enforces the unit- field to have the temporal "curvature" determining by the condition 
[d4>o* / dt][d^Q / dt] = e'^[d^o* /dt][d^Q/dt], where e = nn/At (n=l, 2, ...) and Ae = Asmin = t^/ At. If the value n is 
unknown, then these relations can be presented as the energy-time uncertainty 



The energy-time uncertainty (|136p is caused by the increase of the temporal " curvature" dipQ [t) j dt of the real unit- field 
il>a{t) of the matter with decreasing the localization interval At. Such a physical interpretation of the time-energy 
uncertainty is different from the traditional interpretation of quantum mechanics. Note that the above-presented 
analysis is applicable for the particles of another kind. For instance, one can easily rewrite Eqs. (I130|) - (ll36p for other 
boson or fermion unit-fields (particles). In the context of the above-presented interpretations of the imcertainties, one 
could mention again that the Copenhagen interpretation of the de Broglie wave associated with a particle as the wave 
of probability presents a more or less intuitively transparent background for the physical interpretation of the quantum 
mechanics. The Copenhagen interpretation of the de Broglie wave using the pure mathematical object (probability), 
however, does not solve really the problem of physical interpretation of the Heisenberg position-momentum and time- 
energy uncertainties. The wave of probability is not a real physical matter, which can be "compressed" by the physical 
(material) boundaries in some incorrect interpretations of the canonical quantum mechanics. In particle field theory, 
up to now, it is not completely clear how to interpret physically the wave (field) of operators. An operator is also 
rather a mathematical object than a real physical matter. Naturally, the spatial and/or temporal "compression" 
of the mathematical object (probability or operator) would not have any physical meaning. In the present model, 
the unit-wave associated with a boson or fermion particle, unlike the wave of probability or operators in quantum 
mechanics or particle field theory, is a real finite unit-wave (unit-field) of the matter, whose "curvature" (gradient) can 
be changed spatially and/or temporally. The physical mechanism behind the position- momentum and time-energy 
uncertainties is attributed to the increase of the spatial (VV'o) and/or temporal (dtpo/dt) "curvatures" (gradients) of 
a real unit-field of the matter under the spatial or temporal localization of the unit-field by interaction with other 
(microscopical or macroscopical) objects. It can be mentioned that the position-time (space-time) uncertainty is 
discussed in Ref. [23|(e). 

It should be stressed again that any physical phenomenon involving the interference (cross-correlation) of the boson 
and/or fermion fields (particles) would be affected by the field interference if the respective cross-correlation energy 
is not equal to zero. The static unit-fields (9Von(r, t)/(?i — 0) have been considered in Sec. (3). It has been shown as 
an example that the cross-correlation energy of the static boson scalar fields does not equal to zero at the distance 
R < Rc, where i?c ~ 10^ and i?c ~ 5 for the weak and strong unit-fields, respectively. The cross-correlation energies 
of the transient boson fields (waves), such as the non-quantum finite waves composed from the non-quantum boson 
unit-waves, are described by the cross-correlation terms in Eqs. (jl2p and (|19p . The secondary quantization of the non- 
quantum finite-waves by replacing the waves (fields) by the field operators has yielded the quantum cross-correlation 
energy (|65p . The non-quantum and quantum cross-correlation energies in Eqs. ()12|) . ()19|) . and (|65|) are equal to each 
other. The cross-correlation energy of the wave-like fields composed from the boson unit-waves and/or the fermion 
unit-waves [see, Sec. (2)] is proportional to the terms 



AeAt > TT. 



(136) 





^]d^x, 



(137) 



which have the non-zero values in the case of 
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and/or in the case of 



AKm < l/(fc: 



'xn 



-yn 




'zn 



(139) 



with k„ = ko„, km = kom and k„ 7^ k„i. If the momentums k„ 7^ k,„, then the terms (jl37p are equal to zero in 
the case of the unit-waves confined by the resonator-hke boundaries. The experimental realization of the condition 



(I138p is extremely difficult (see, Ref. [231 )■ The creation of the unit-fields with the moments k„ — k„i will be 

considered in details in the following section devoted to the Bose-Einstein condensation, super-radiation, Bosenova 
effect, superfluidity, superconductivity, supermagnetism, and quantum anomalous and fractional Hall effects. In the 
case of the ordinary physical systems, which are not associated with super physical properties, the cross-correlation 
energy is equal to zero due to k„ 7^ k„i and/or AVnm >> ^/{kxn — kxm){kyn — kym){kzn — kzm)- Mathematically 
the sub-wavelength systems correspond to the limit AV^mj.^O. The case ()139|) corresponds to the pure constructive 
or destructive interference in the sub-wavelength volume. For instance, the super physical properties of the sub- 
wavelength systems could be attributed to the cross-correlation energy in the near- field diffraction (scattering) of 
waves, as well as in the tunneling effects and virtual-particle phenomena of any kind (for instance, in quantum- 
mechanics tunneling, wave-mechanical tunneling, evanescent wave coupling, forces or effects by virtual particles, and 
Casimir effect). Notice, in contrast to the tunneling and virtual processes of quantum mechanics and particle field 
theory, which can involve the infinite energy, the realization (reality) of such physical phenomena in the present 
model is strictly limited by the finite value of the cross-correlation energy. It should be also noted again that the 
spatially infinite fields are always overlapped in the infinite volume. In contrast to the fields occupying the infinite 
volume, the interference of the finite fields requires the creation of conditions of the field overlapping. In order to 
interfere, the finite fields or their parts should occupy (share) the same volume AVnm at the same time moment 
tnm = tn — tm- The cross-corrclatiou energy decreases if the volume AVnm decreases, for instance, due to the 
movement of unit-fields (particles) away from each other. One should not confuse vanishing the cross-correlation 
energy by the non-overlapping of the finite fields with the case of the overlapped "orthogonal fields" [see. Sec. (2)]. 
For instance, the cross-correlation energies of the two unit-fields (particles) before and after a collision (interference) 
are equal to zero due to the non-overlapping of the unit-fields. During the elastic collision (interaction) of the unit- 
fields, the vanishing of the cross-correlation energy is caused by the orthogonality of the unit-fields (k„ 7^ k^) in 
the Hilbert space. Such a process could be considered as an elastic collision of the particles. In the case of the 
non-orthogonal unit-fields [see. Sees. (2) and (3)], the cross-correlation (interference) of the unit- waves can lead to 
the non-elastic collision. For instance, the Raman or another nonlinear scattering of a photon by an atom (composite 
boson-like particle) should be considered as the non-elastic collision. So far the conditions of the non-zero cross- 
correlation energy have been analyzed for the unit-waves that have the permanent (constant) phases. In the case of 
the time-dependent phases q;„ = anit) and am = a,n(t), the cross-correlation energy would depend on the time t. 
The cross-correlation energy averaged over the time interval At could be considered as the time-independent energy 
{'H)t of the interfering unit-waves: 



where the self-correlation energy does not depend on the time [{'Hnn)t = 'Hnn], and the time-averaged ("time- 
independent" ) cross-correlation energy is given by 



In the case of incoherent fields, the cross-correlation energy and the respective terms (|137|) and (|141|) are equal to 
zero due to the non-correlation of such fields. The coherency of the unit-fields should be considered as the necessary 
condition of existence of the cross-correlation energy. One should not confuse here the coherency and cross-correlation 
of the two fields in the same [{P,t) = (Pi,ti) = (^2,^2)] space-time points, which is related to the cross-correlation 
energy, with the coherency associated with the cross-correlation between the fields in the different [(Pi, ii) 7^ (^2,^2)] 
space-time points of the amplitude or intensity interferometry. 





(140) 




(141) 



4.3. Quantum coherence and correlation 



The basic properties of both the classical and quantum coherence are usually clarified in the context of the Young 
double-slit experiment [Sec. (1)]. Let me briefly describe the coherence properties in the frame of quantum mechanics 
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and compare them with the present modeL In quantum mechanics, the dynamics of quantum particles in the double- 
sht experiment describes the relationship between the classical waves and quantum particles. The quantum particle 
is described by a wave-function associated with the wave of probability, which contains all the information about 
the state of the quantum system. According to the Copenhagen-Dirac interpretation of quantum interference each 
particle interferes only with itself. In the Young experiment, each particle can go through either slit and hence has 
two paths that it can take to a particular final position {P,t). In quantum mechanics, these two paths interfere. If 
there is pure destructive interference, the particle never arrives at that particular position. In quantum mechanics 
the ability of a particle to interfere with itself is called quantum coherence. The quantum description of perfectly 
coherent paths is called a pure state, in which the two paths (wave-functions) are combined in a superposition. The 
correlation between the two wave-functions exceeds what would be predicted for classical correlation between the 
two wave- functions (see, the Bell inequalities It should be noted in this connection that the generally accepted 

wave-function of a particle (for instance, photon) associated with the wave of probability does not exist in particle field 
theory. Therefore, strictly speaking, the particle field theory could not consider the interference phenomena in the 
Young double-slit experiment, where a field particle does interact (interfere) with the particles of the slit due to the 
boundary conditions. If the quantum mechanical system of the above-mentioned two wave-functions (or any system 
of wave-functions of entangled particles in quantum mechanics) is decohered, which would occur, for instance, in a 
measurement via einselection, then there is no longer any phase relationship (correlation) between the two states. The 
quantum description of imperfectly coherent (partially coherent) paths is called a mixed state, described by a density 
matrix and is analogous to a classical system of mixed probabilities, where the correlations are classical. One should 
not confuse here the self-interference of the wave of operators associated with a particle in particle field theory with 
the self-interference of the wave of probability associated with the above-mentioned wave-functions of a particle in the 
Copenhagen interpretation of quantum mechanics. The wave of operators associated with a particle is not attributed 
to the probability amplitude of the wave of probability associated with the wave-function of the particle. Unlike in 
quantum mechanics, in particle field theory the generally accepted wave-function of a particle (antiparticle) does not 
exist up to now. Therefore the interference mechanism behind the self-interference properties of a particle (Dirac's 
one-particle self-interference) in particle field theory should be attributed rather to the interference mathematical 
properties of the wave of operators than the wave of probability of quantum mechanics. 

In the present model the coherence properties of the unit-waves (particles) in the Young experiment are similar to 
the aforementioned quantum mechanical properties. The difference between the two models is in the interpretation of 
the interference phenomenon and in the absence of the interference between particles and the cross-correlation energy 
in the quantum mechanical model based on the canonical interpretation of quantum interference. The present model 
considers a quantum particle as an indivisible unit-field (unit-wave) of the matter. The dynamics of the unit-wave is 
described by the Euler-Lagrange equation of motion with the initial and boundary conditions imposed. The energy 
of the field, which depends on the spatial (V-^o) and temporal (dipo/dt) "curvatures" of the field, is given by the 
Hamiltonian of the system. The spatial and temporal " curvatures" of the unit-wave can be changed by the interference 
(interaction) of the unit-field with the particles (unit-fields) of boundaries of other microscopic or macroscopic objects, 
but the unit-field cannot be divided into the different independent parts. In the Young experiment, the indivisibility 
of the unit-field (unit-wave) means the unit-field passing though the double slit is not divided by the slits into two 
different independent fields (waves). The spatial and temporal "curvatures" and the shape of the unit-wave are 
changed by interaction (interference) of the unit-field with the unit-fields of the boundaries (slits), but the unit- field 
is not divided into the independent parts (unit- waves). The collision (interaction) of the unit- field (for instance, 
photon) with the slits is elastic, linear process. Therefore the energy of the unit-field is conserved. Notice, the particle 
(photon) and the respective energy can be divided into the independent parts in the case of the nonlinear processes 
(inelastic collisions), only. In the Young experiment, the interaction of the unit- field with the slits does result into 
reshaping of the unit-field in the transverse and longitudinal directions. The interference pattern on the observation 
screen is produced by the interference of the two parts of the same unit-field (photon) , which has been reshaped by 
the slits before the interference on the observation screen. In other words, the interference pattern is formed on the 
slits by the change of the shape and spatial " curvature" of the unit- wave by the interaction of the unit-field with the 
slits. This mechanism can be represented as interference of the unit-field with itself on the observation screen. The 
interaction of the unit-field with any additional object after the interaction with the slits would change the spatial 
"curvature", shape and phase of the unit- wave and destroy the interference pattern. In such a case, the unit-field is 
decohered by the additional interaction process. The described mechanism of the self-interference is similar to that in 
the classical description of the Young experiment. The presented mechanism, however, does not require the formation 
of two independent waves. The two parts of the reshaped unit-wave (photon) could interfere on the observation 
screen like the two independent coherent waves in the classical model of the Young experiment. One should not 
confuse here the one-particle self-interference of the wave of probability, which is associated with the single particle 
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(photon) in the canonical interpretation of quantum mechanics, with the transverse and longitudinal reshaping of the 
real indivisible unit-wave (photon) by the slits. In the present model, the reshaped unit-wave (particle) can interfere 
with itself, as well with other coherent unit- waves (photons). It should be also noted that a wave- function of the 
entangled (strongly correlated) particles is considered in the present model rather as an indivisible unit-field than a 
wave- function of a few-body quantum system of independent unit- waves (particles). In other words, the entangled 
particles are considered as the parts of the same indivisible unit-wave reshaped in the transverse and/or longitudinal 
direction into the entangled parts. Respectively, the parts of the same indivisible unit-wave reshaped in the transverse 
and/or longitudinal direction are considered as the entangled particles. As a consequence of the indivisibility of the 
reshaped unit-wave, which is composed from the entangled parts ("entangled particles"), the interference properties 
of the quantum wave of strongly correlated (entangled) particles are similar to that of an ordinary (non-composite) 
unit-wave. If the correlation (cross-correlation) between the different parts of the field reshaped in a liner or nonlinear 
process is very weak then the parts of the composite wave could be considered as independent unit-waves (particles) . 

The unit-wave (particle) could interfere not only with itself, but also with another coherent unit-wave. The inter- 
ference (cross-correlation) of the two unit-waves can result into creation of the positive or negative cross-correlation 
energy, which does increase or decrease the energy of the unit-field pair [see. Sees. (2)-(4)]. It is interesting that 
the cross-correlation of two unit-waves in the conventional Young setup does not affect the energy of the unit-field 
pair. Indeed, in the conventional Young double-slit experiment the two coherent unit-waves produced by the two 
slits separated by the distance A ^ 27r/fco are orthogonal in the far-field diffraction zone because of the different 
moments (koi/fcoi 7^ ko2/fco2,^oi — ^02 — ka). According to the expression ()137p . the cross correlation term (energy) 
of the orthogonal unit- waves vanishes. Respectively, the field energy is given by Sq — 2ko. The situation is completely 
different in the case of Young's subwavelength system, where A <^ 2-K/ko and correspondingly koi/fcoi = ko2/fco2 
and /coi = ^02 = fco- In the case of ai — a2 = 0, the interference creates the extra energy, e = Ak. The interference 
completely destroys the energy (e = 0) at the phase condition ai — a2 = tt. A simple analysis of the Hamiltonians 
and ([55]) shows that the addition of waves is not so efficient at larger spacing of the slits (A ^ 27r/fcQ), but 
still leads to the interference-induced enhancements and resonances (versus wavelength) in the total energy emitted 
by the slits. In such a case the field energy [0 < £9 < 4fco] depends on the values fcgi, A:o2, Oii, and A (for 
more details, see the study [l^l and references therein). In the case of the Young's two-source system that consists 
from the two sub-wavelength (A ^ 27r/A;o) dipole radiators, the dependence is especially simple. One should simply 
consider the radiation of the two almost identical dipoles in the near-field zone or far-field zone. For instance the 
total time-averaged radiated power W of the two classical dipoles separated by the distance A <C I-k jk^ is given by 
W = (4a;'^/3)|doi + do2p ~ 4Woi, where Woi ~ (4a;o'^/3)|doip is the power of the first radiator with the dipole 
doi « do2. The total radiated power Wq of the two quantum dipoles separated by the distance A ^ 27r/A:o is also 
given by Wq ~ 4 Wqqi . The quantum expression for the power of the two-dipole radiation differs from the classical one 
only in that it contains the matrix element of the dipole momentum instead of the dipole momentum itself. It should 
be stressed again that the cross-correlation energy of the interfering classical waves or particles (unit-waves), which 
does not exist in quantum mechanics and particle field theory, plays a key role in description of the aforementioned 
interference phenomena. The cross correlation energy could be important also for understanding the enhancement 
or suppression of the energy and momentum [Sec. (2.1.2.)] in other coherent processes involving classical waves or 
particles (for instance, see the study [23j and references therein). Here, one could mention the enhancement or sup- 
pression of the energy and momentum of a light pulse propagating in a dispersive medium. The phases of the different 
Fourier k-components of the wavepacket propagating in the same direction (kon/^on = ko/fco) can be changed under 
the propagation. According to the present model the phase modification could result into the interference-induced 
enhancement or suppression of the pulse energy and momentum. The interference phenomenon could affect also 
the energy and momentum of a wave-packet scattering by the subwavelength scatters, such as nano-apertures and 
nano-particles. 

Nowadays, the problem associated with the superluminal signaling in quantum mechanics (the Einstein-Podolsky- 
Rosen paradox), which follows from the J.S. Bell inequalities [10.] . but contradicts the Einstein special relativity, 
is considered as a most serious incompatibility between the two fundamental theories. Therefore, it is important 
to consider this problem in more details. The superluminal cross-correlation (signaling) between the two entangled 
particles exceeds what would be predicted for classical (non-superluminal) correlation between the two wave-functions 
(see, the Bell inequalities [l3|)- In the present model, the entangled particles are considered as the parts of the same 
indivisible unit- wave of the matter, which has been reshaped in the transverse and/or longitudinal direction into the 
entangled parts [strongly correlated (entangled) particles] by interaction (interference) of the unit-field with the fields 
of other microscopic or macroscopic objects. As a consequence of the indivisibility of the reshaped unit- wave, which is 
composed from the entangled parts (" entangled particles" ) , the interference properties of the quantum wave of strongly 
correlated (entangled) particles are similar to that of an ordinary (non-composite) unit-wave. The shape, temporal 
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and spatial "curvatures" of the ordinary or composite unit- field can be changed, but the field cannot be divided 
into different independent parts. In order to satisfy the experimentally observed superluminal signaling one have to 
assume that any local change of the shape and/or "curvature" of the ordinary or composite unit- field of the matter 
does propagate with superluminal (linear and/or rotational) velocity within the field. For instance, the superluminal 
rotational velocity within the spinor unit-field (electron) could be formally associated with the quantum spin of the 
particle. More precisely, in the present model the quantum spin of the particle is attributed to the sign-coupling 
product SG (for details, see Part II), which characterizes the sign and value of the the cross-correlation (interaction, 
coupling) energy under the interference of two unit-waves [see comments to Eqs. (|123p and (|124|) . and Figs. (5)- (8)]. 
The superluminal velocity (signaling) within the ordinary or composite unit-field of the matter is attributed in the 
present model rather to the physical properties of the field medium than the empty space (vacuum) of the Einstein 
relativity. Therefore the superluminal signaling within the ordinary or composite unit-field of the matter does not 
contradict the Einstein non-superluninal velocity of the signaling between the point particles separated by the straight 
or curve empty space (Einstein's vacuum). It is not easy to find a classical analog of the superluminal signaling within 
the ordinary unit-field or the unit- field like material medium of the composite unit- field (entangled particles). The 
superluminal signaling withing the medium of an ordinary unit-field could be considered (interpreted), for instance, 
as a non-quantum or quantum analog of the wave propagation in the material body, which has the " modulus of bulk 
elasticity" bigger than the " coefficient of stiffness" of any classical material medium. If the incompressible medium of 
the ordinary unit-field has an infinite elasticity, the signal could propagate within the ordinary unit-field with infinite 
speed. The composite unit-field [entangled (strongly correlated) particles] could be considered as a non-quantum or 
quantum analog of Newton's cradle, a series of swinging spheres. In the Newton cradle, the identical bodies (particles) 
exchange velocities (momentums). If the first particle has nonzero initial velocity and the second particle is at rest, 
then after collision the first particle will be at rest and the second particle will travel with the initial velocity of the first 
particle. In the case of perfectly elastic collision of the totally rigid particles (the parts of the composite unit- field), 
the exchange of velocities (momentums) provids a so-called "quantum jump" taking zero time. Thus the signaling 
("quantum leap") in the Newton cradle of unit- fields [strongly correlated (entangled) particles] is performed with 
infinite speed. Although the Newton cradle is one dimensional, the multi-dimensional cradle also could be considered 
as an analog of the strongly correlated (entangled) quantum particles. Notice, according to the present model, the 
Bell superluminal signaling ^Td\ (the Einstein-Podolsky- Rosen paradox) and the well-known plasma jets in astronomy, 
which propagate with velocities greater than the velocity of light, involve no physics incompatible with the theory of 
special relativity. In the present model, the superluminar velocities of signals and the superluminar "quantum leaps" 
of any kind are attributed rather to the physical properties of the unit-field like material mediums than the straight 
or curve empty space of the Einstein special or general relativity. 

In the context of the above-presented consideration of the quantum coherence and correlation, one should not 
confuse a real finite-wave or real finite unit-wave of the matter (energy) with the wave of probability in quantum 
mechanics or with the wave of operators in particle field theory. One should not confuse also the first-order coherency 
(cross-correlation) of the two fields in the same [(-P, i) — (Pi,ii) = (-P2,^2)] space-time points, which are related to 
the cross-correlation energy, with the second or higher order coherency (cross-correlation) between the fields in the 
same {{P,t) = (Pi,ii) = (P2,i2)] or different [(Pi,ti) ^ (^2,^2)] space-time points of the amplitude or intensity 
interferometry. The degree of coherency of the fields in the first or the second order, in the same or different space- 
time points can be measured by using the conventional amplitude or intensity interferometry. It could be noted 
in this connection that any coherent or incoherent field is self-coherent. In the present model, the self-coherency 
is associated with the conventional energy of a field, which is called the self-correlation energy or self-energy. Two 
finite waves (beams) do interfere coherently in a space point if the phase difference between the waves in this point 
is constant in the time. The coherency of the two fields in the same point is attributed in the present model to the 
cross-correlation and cross-correlation energy in this point. If the phase difference is random or changing the fields 
are incoherent or partially coherent in the point. In the points where the fields are incoherent, the interference of 
the fields yields zero value of the cross-correlation energy. In other words, the interference between two (or more) 
finite fields (waves) in a space point establishes a correlation (cross-correlation) between these waves in this point. 
The coherent superposition of the wave amplitudes is attributed to the ordinary (first-order) interference, which 
corresponds to the first-order cross-correlation and the respective (first-order) cross-correlation energy. In analogy to 
the first order coherence, the second order interference generalizes the interference between amplitudes to that between 
squares of amplitudes. The high-order cross-correlations have quite different properties in comparison to the first-order 
correlation. For instance, in the simplest case of the two non-complex scalar electric waves Ei and E2, the first-order 
interference (cross-correlation) attributed to the amplitude interferometry is associated with the intensity (energy) 
/ = {El -f -^2)^ = E\ + E2 +2E1E2, where < / < Imax- The second-order cross-correlation (interference) associated 
with the intensity interferometry is attributed to the intensity (energy) squared P = {Ii + h)^ = Ii + I2 + 2/1/2, 
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where + /| < -^^ < ^max- Notice, in the Newton mechanics, the first order cross-correlation formally does reflect a 
fact that the two-times increase of the particle velocity v increases the particle energy e in four times, £ = m(2i;)^/2. 
The free particle with zero velocity {v = 0) has zero energy (e = 0). In quantum mechanics and particle field 
theory, where a particle is associated with a wave of probability or a wave (field) of operators, the interference and 
correlations between two or more particles (waves) in the same [{P\,t\) = (^2,^2)] or different [{P\,tx) ^ (^2,^2)] 
space-time points are described mathematically by the second (intensity interferometry) or higher order correlation 
hmctions. One could distinguish the second-order correlations attributed to the intensity interferometry associated 
with the Bose-Einstein correlations of bosons and the Fermi-Dirac second-order correlations of fermions. While 
in the Fermi-Dirac second-order correlations the particles are antibunched, in the Bose-Einstein correlations they 
arc bunched. Another distinction between the Bose-Einstein and Fermi-Dirac correlations is that only the Bose- 
Einstein correlations can present quantum coherence. The Copenhagen-Dirac postulate of the " interference- less" , 
self-interfering particles strictly forbids existence of both the interference (cross-correlation) between particles and the 
respective cross-correlation energy. According to the canonical interpretation, the interference between two different 
particles never occurs and each particle interferes (cross-correlates) only with itself. Nevertheless, in the canonical 
quantum physics and particle field theory based on the Copenhagen-Dirac postulate, the interference between particles 
and the respective cross-correlation energy are permitted, due to the unclear reasons, in the second or higher order of 
interference (cross-correlation) in the same and/or different space-time points. It is not completely clear up to now 
how the particles, which are free from the interference and cross-correlation with each other, provide the Bose-Einstein 
and Fermi-Dirac cross-correlations. The solution of the problem is analyzed and interpreted in Part II. 

5. THE ROLE OF CROSS-CORRELATION ENERGY IN SEVERAL BASIC PHYSICAL PHENOMENA 

The interference and coherence of the unit-waves (particles) is the necessary condition of existence of the cross- 
correlation and cross-correlation energy in an ensemble of the unit-waves (Sees. 4.2. and 4.3.). As an example, the 
present section shows the key role of the interference-induced positive and negative cross-correlation energies, which 
are the nonexistent energies in quantum physics and particle field theory, in several basic coherent phenomena, such as 
the Bose-Einstein condensation, super-radiation, Bosenova effect, superfluidity, superconductivity, supermagnetism, 
and quantum anomalous and fractional Hall effects. The coherent phenomena are first considered by using the 
traditional models of quantum mechanics and quantum field theory. Then they are compared with the predictions of 
the present model and the experimental observations. 

The conventional interpretation of the quantum interference strictly forbids existence of the interference between 
particles. Nevertheless, in canonical quantum mechanics and field theory based on the Copenhagen-Dirac postulate 
of the "interference- less", self-interfering particles, the large-scale (macroscopic) quantum coherence and interference 
between particles is permitted. That leads to the several basic coherent physical phenomena in the coherent quantum 
systems. For instance, the superposition of particles obeying the properties of Bose-Einstein condensation, super- 
radiation, Bosenova effect, superfluidity, superconductivity, supermagnetism, and quantum anomalous and fractional 
Hall effects are examples of the coherent phenomena and coherent quantum systems. The Bose-Einstein conden- 
sation, which is associated with the second-order cross-correlation of bosons, is a consequence of the Bose-Einstein 
statistics and thus applicable to any kind of bosons. The Bose-Einstein condensation is at the origin of the most 
important condensed matter phenomena, superconductivity and superfluidity. The Bose-Einstein correlations mani- 
fest themselves also in hadron interferometry and the Bose-Einstein correlation between particles and anti-particles. 
Another example, which emphasizes the non-classical properties of macroscopic quantum coherence in microscopic 
systems, is the Schrodinger's cat thought experiment. In quantum mechanics and particle fleld theory based on 
the Copenhagen-Dirac postulate, the aforementioned phenomena could be attributed only to the coherence and 
self-interference (self-correlation) of particles. The postulate strictly forbids existence of both the interference (cross- 
correlation) between particles and the respective cross-correlation energy. According to the canonical interpretation 
of quantum interference, the interference between two different particles never occurs and each particle interferes 
(cross-correlates) only with itself. Nevertheless, the interference and cross-correlation in the traditional models of the 
aforementioned coherent phenomena are permitted, due to the unclear reasons, in the second-order (or higher) of 
interference and cross-correlation between the particles. Although the traditional modcils of the coherent phenomena 
work perfectly, the permission of interference between particles has not been explained up to now. According to the 
present model, the coherent phenomena are simply the direct consequences of the cross-correlation energy mediated 
by the interference between particles (unit-flelds). The coherence of the unit- waves (particles) is the necessary con- 
dition of existence of the interference, cross-correlation and cross-correlation energy in an ensemble of the unit-waves 
(particles). The coherency of the unit- waves could be destroyed by collisions of the coherent unit-fields (particles) 
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with the incoherent or partiahy coherent particles of the external microscopic or macroscopic objects, for instance 
with the material boundaries and/or detectors. Any superposition of the unit- waves (particles) obeying the thermo- 
dynamical equilibrium with the incoherent unit- fields (particles) of the high-temperature (T >> 0) boundaries has 
zero cross-correlation energy. 

Let me begin consideration of the aforementioned coherent phenomena with a brief general analysis of the super- 
radiation properties of several coherent quantum systems by using the present model and then compare them with 
the canonical quantum mechanics and experimental observations. The active medium of lasers is an example of 
the coherent quantum system, which is out of the high-temperature thermodynamical equilibrium. The process of 
induced emission of a photon by an excited atom of the laser medium, which is described by the Einstein stimulated 
emission coefficient, results into creation of the two photons. The two photons (electromagnetic unit- waves) of the same 
frequency are emitted at the same time, therefore they would be coherent. The unit-waves are identical, koi = ko2 = ko 
and ai = a2- The cross-correlation energy of the coherent photon pair that satisfies the condition (|138p is then given 
by £12 = 2fco. Thus the total energy e — 2fco-l-2fco = 4fco of the coherent photon pair is different from the Dirac energy 
£ = 2fco (or more precisely e = 2[fco + (l/2)fco]) of the interference-less (correlation-free) photons. The energy e = 4A;o, 
however, is in agreement with the well-known experimental fact that the energy e of lasers operating in the super 
fluorescent mode is given by e ~ N"^ , where N is the number of the excited atoms. Another example of the super- 



radiation is the Dicke superradiance of the subwavelength ensemble of excited atoms [2J|. Although the canonical 
quantum mechanics and quantum field theory strictly forbid existence of the interference, cross-correlation and cross- 
correlation energy of particles [according to the Copenhagen-Dirac postulate, a particle can interfere (correlate) only 
with itself] , in the Dicke quantum model, the interference and cross-correlation energy of particles appear as the result 
of the particular mathematical approach (approximation) . The interference and cross-correlation energy of particles do 
appear in the quantum-mechanical model due to the pure mathematical approximation, namely do to the description of 
the radiating gas by a single quantum wave-function, which is composed from the cross- correlating mathematical wave- 
junctions of the electrons of the individual atoms. The "mathematical cross-correlation (interference)" of the cross- 
correlating mathematical wave-functions and the calculated cross-correlation energy then are incorrectly interpreted 
as the interference and energy of the correlated (coherent) motion of electrons in the atoms. Thus the canonical 
quantum mechanics, which is based on the Copenhagen-Dirac postulate of the "interference-free" particles, correctly 
describes the super-radiance if the mechanics mathematical structure is modified by the mathematical approximation. 
In other words, any physical interpretation of the Dicke model, in fact, would be the interpretation of the mathematical 
approximation that does not compare well with the basic principle (Copenhagen-Dirac postulate) of the canonical 
quantum mechanics. In the Dicke model, the moments ko,i and phases a„ of the light unit-waves (photons) produced 
by the excited atoms in the far-field zone are the same, ko„ = kg and a„ = a. According to both the Dicke model 
and present model, the radiated energy scales as the number of atoms squared, e ^ N'^ . In addition to the Dicke 
superradiance, the present model predicts the total destruction of the photons by the pure subtractive interference 
at the phase condition a„ — am = tt. Note that the energy Ae spent on the excitation of an atom is given by 
Ae = fco- Thus the superradiance of two atoms produces the extra energy e = 4fco — 2fco, which in the present model is 
attributed to the cross-correlation energy ei2 = 2ko. Notice, the physical mechanism behind the interference- induced 
extra energy is simply the four-times increase of the wave energy by the two-times increase of the wave amplitude. The 
energy conservation of the total macroscopic system under superradiance or superfiuorescence is obtained if one takes 
into consideration a fact that the excitation of an atom has the probabilistic character. The averaged energy spent 
on the excitation of one atom, for instance, by an electron beam, usually exceeds the energy Ae = ko. The creation 
of the electron beam also requires the energy e > fco. Although the radiated energy increases under the additive 
interference, the total energy of the physical system is conserved. The creation of conditions of the pure additive 
interference requires the "additional" energy, which is added to the total physical system before the interference. The 
physical system does not obey the shift symmetry of time because of the probabilistic character [irreversible character 
associated with scattering and/or diffraction of unit-fields (particles)] of the excitation of an atom. Therefore, the 
energy nonconservation associated with the cross-correlation energy does not contradict the Noether theorem. The 
energy conservation of the total physical system is provided rather by the probabilistic exchange of the energy with 
the environment than by the shift symmetry of time. In contrast, the creation of conditions of the normal (not pure 
constructive or destructive interference), for instance, in classical interferometers, does not require the additional 
energy. The energy conservation of the total physical system is provided by the shift symmetry of time of such a 
system. Such systems do not include the irreversible processes associated with the irreversible (probabilistic) scattering 
and/or diffraction of the unit-fields (particles). 

In the canonical quantum mechanics and particle field theory, the physical mechanism behind the superfluidity, 
superconductivity, and supermagnetism is usually clarified by considering a Bose-Einstein condensate |26l428| . It is 
generally accepted that the mechanism of a Bose-Einstein condensate is the large-scale classical or quantum coherence. 



42 



In the present model, the large-scale classical or quantum coherence (interference) also leads to the aforementioned 
coherent phenomena. The difference between the present model and the traditional quantum mechanical models, 
is in the interpretation of quantum interference [see, the analysis of Young's experiment in Sec. (4.3.)] and in the 
absence of both the interference between particles and the respective cross-correlation energy in the canonical quantum 
mechanics an particle field theory based on the Copenhagen-Dirac postulate of the " interference- less" , self- interfering 
particles. Let me briefly describe the Bose-Einstein condensation in the frame of canonical quantum mechanics and 
compare that with the present model. In the Bose-Einstein condensate, all the atoms (boson-like particles) that make 
up the condensate are in-phase. The atoms are thus necessarily all described by a single quantum wave-function, 
which according to quantum mechanics is responsible for the condensate super-properties. Einstein has demonstrated, 
by using rather the statistical approach than the quantum mechanical arguments, that cooling boson atoms to a very 
low temperature would cause them to condense into the lowest accessible quantum state, resulting in a Bose-Einstein 



condensate (BEC) [26|, |27| . This transition occurs below a critical temperature 

Tc « 3.3l{mkBy\N/Vf/\ (142) 
which is calculated by integrating over all momentum states the expression for maximum number of excited parti- 



cles [27|: 



N (27r) -3 (£-'=' /2™t, _ lyi^Sf,^ (143) 



where N/V is the particle density, and m is the particle mass. In the traditional quantum mechanical description 
of BEC, all the boson-like particles that make up the condensate are modeled to be in-phase. The particles are 
thus necessarily all described by a single quantum wave- function ^'(r, t), which is responsible for the super-properties 
of BEC. As long as the number of particles of BEC is fixed, the values vl/*(r)vl/(r) and N — J ^*{r)'^{r)d^r are 
interpreted as the particle density and the total number of atoms, respectively. The dynamics of wave- function ^(r) 
of the ground state of the BEC system of identical bosons is conventionally described by using the Hartree-Fock 
approximation (extension of the mean field theory). In the Hartree-Fock approximation, the total wave- function of 
the system of bosons is taken as a product of single-particle functions, 5'(ri,r2, ■■■,r]y) = -0i(ri)V'2(r2)...?AAr(rjv) = 
ip{ri)ip{r2).-.ip{rN)- Note that the wave-functions (particles) are indistinguishable in such a case. In other words, the 
boson wave-functions are the same, ■0„(r„) = ip{rn) and ^/i* (r„) = ip*{rn), where n = 1, N. Provided essentially all 
bosons have condensed to the ground state, and treating the bosons by the mean field theory, the energy associated 
with the Stat 4* is given by the model Hamiltonian of the BEC system based on the Hartree-Fock approximation as 

•^0 n=l ra/m 



with 



N N 



poo 

Vh„„ = V / [(l/2TO)^:(r„)v2^(r„) + ;7e,t(r„)V'*(r„)^(r„)]dV„ 



(145) 



and 



nm — |)?/'(r„)i/'(rm)d (146) 

, , Jo Jo 

where m is the mass of the boson, Uext{^) is the external potential, [/(|r„ — r,„|) — {g/2)6{\rn — fml) is the interaction 
(potential) energy of the interaction of the n-th particle with the m-th particles, g is the coupling parameter that 
represents the value of the inter-particle interaction, and 5(|r„ — r„i|) denotes the Dirac delta-function. Minimizing 
this energy with respect to infinitesimal variations in ipir) and holding the number of bosons constant yields the 
Gross-Pitaevski model equation (CPE) of motion for the single-particle wave-function: 



dt 



[(-l/2m)V^ + Uextir) + #*(r)V'(r)]V(r). (147) 



If the single-particle wave-function satisfies the Gross-Pitaevski equation, the total wave-function 4' minimizes the ex- 
pectation value of the Hamiltonian (|144p under normalization condition N = J {r)'ii{r)(Pr. The Hamiltonian (|144p 
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and GPE (|147|) provide a good description of the behavior of the Bose-Einstein condensates and are thus convention- 
ally applied for clarification of the basic properties of BEG. The super-properties of BEG describing by Eqs. (|144|) - 

(|147p have their origins in the interaction between the particles describing by the interaction energy "Y^^^^J^ 'Hnm and 
the respective potential gip* {y)iI>{y). This becomes evident by equating the coupling constant g of interaction in Eqs. 
p46p and (jl47p with zero, on which the ordinary Hamiltonian % = T~Lnn and Schrodinger equation describing 

a particle inside a trapping potential are recovered. It should be stressed that the same result is obtained if one 
excludes the cross-correlation (interference) between the wave- functions of the individual bosons from the term (jl46l) , 
/o°°/o°°V'*(r„)V'*(r™)(<7/2)5(|r„-r™|)V(r„)V(r^)d3r„d3r™ = {g/2)j^[rn{v)^Av)][r^{v)^^{v)]d^r = 0. Here, 
ipiYn) = V'«(rn), i>(jm.) = ipmijCra), V{^n) = i^ni^n) and V'*(i"m) = V'm(rm) duc to the indistiuguishablencss of 
the bosons (wave- functions). With the help of the present model, one can easily recognize the mathematically 
constructed (trial) second-order cross-correlation term (|146p as the counterpart [see, Eq. ©] of the first-order cross- 
correlation energy of the BEG condensate. Although the canonical quantum mechanics strictly forbids the existence 
of the interference, cross-correlation and cross-correlation energy [a particle can interfere (correlate) only with itself], 
in the quantum mechanical description of BEG, the interference between particles and the respective cross-correlation 
energy do appear in the second order of the cross-correlation as the result of using the Hartree-Fock mathematical 
approximation. Mathematically, the interference between particles and cross-correlation energy do appear in the BEG 
quantum-mechanical model due to the Hartree-Fock mathematical approximation of the quantum system by using a 
mathematical, trial, single wave-function 4'(ri, V2, tat), which is the product of the mathematically cross-correlating 
single functions associated with the single particles, \I'(ri,r2, ...,rjv) = 7/;i(ri)7/;2(r2)...'0Af(i"w) = '4'{ri)^{Y2) ■■■tp{v n) . 
The calculated cross-correlation energy, in such a case, is given by the cross-correlation term (|146l) as J2n^m'^ T~Lnm — 
i9/'^)Yn=i Io°^n{''^)i^miT^)'4'm{^)''Pn{^)d^r ^ 0. Thus the "modified" quantum mechanics [the quantum mechanics 
based on the interference and cross-correlation energy of particles automatically inserted into the model by using the 
mathematical approximations, which do not compare well with the Copenhagen-Dirac postulate of the "interference- 
less", self-interfering particles] correctly describes BEG. In the present model, the super-properties of BEG are similar 
to the quantum mechanical properties describing by Eqs. (|144[) - (|147p . which use the "modified" quantum mechanics. 
The difference between the " modified" quantum mechanics of BEG and the present model is in the interpretation of 
quantum interference and in the absence of the interference, cross-correlation and cross-correlation energy of particles 
in the canonical quantum mechanics based on the Gopenhagen-Dirac postulate. 

It should be stressed again in the context of the above-presented consideration that a particle of canonical quantum 
mechanics associated with the wave of probability is free from the interference (cross-correlation) with other particles. 
The Hartree-Fock approximation mathematically inserts the " hidden interference" between particles and the respective 
cross-correlation energy into BEG. Such a kind of the mathematical cross-correlation ("hidden interference"), however, 
is different from the ordinary interference of the present model. Indeed, the cross-correlation energy associated with 
the mathematical cross-correlation ("hidden interference") between two or more particles in the same [(r„) = (r^) = 
(r)] points of BEG is described in the Hartree-Fock approximation by the second order cross-correlation function 
/o"/o°°V'*(r„)V'*(r„0(5/2)^(|r„ - vM{r„mr^)d^rnd^r^ = (5/2)/o°°[V';(r)^™(r)][V':.(r)^„(r)]d3^ ^ 0, which does 
not depend on the values of the particle phases. In other words, the mathematically constructed quantum Hamiltonian 
()144|) of BEG is invariant under the C/(l) local gauge transformation (■(/;„ V-'n = e*""'0n)- The U{1) gauge symmetry 
of the trial Hamiltonian ()144p provides the very particular (in comparison to the ordinary interference) mathematical 
cross-correlation (" hidden interference" ) and the respective cross-correlation energy, which do not depend on the phases 
of the probability waves associated with the wave- functions of particles. The cross-correlation ("hidden interference") 
in BEG is attributed to the mathematical approximation. The " hidden interference" is usually interpreted as the inter- 
particle interaction and the interaction energy. The present model describes the cross-correlation energy associated 
with the interference and correlation between particles (unit-fields) by the first-order cross-correlation function, which 
depends on the unit-field phases. The cross-correlation energy in the present model does not depend on the unit- 
field phases only if all the BEG particles (unit-fields) are incoherent. In such a case the cross-correlation energy 
does vanish. One could distinguish the Bose-Einstein second-order bunched correlation of bosons attributed to the 
intensity interferometry from the above-considered first-order cross-correlation and cross-correlation energy associated 
with the amplitude interferometry. It should be mentioned again again that the Gopenhagen-Dirac postulate strictly 
excludes existence of both the interference (cross-correlation) between different particles and the respective cross- 
correlation energy. According to the postulate, the interference between different particles never occurs, each particle 
interferes (cross-correlates) only with itself. Therefore the interference and cross-correlation of coherent particles in 
the Bose-Einstein condensate should be attributed rather to the self-interference of particles than the interference 
(cross-correlation) between particles. The interference, cross-correlation and cross-correlation energy of particles do 
appear in the above-considered model in the second-order of interference (cross-correlation) due to the mathematical 
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reason (the Hartree-Fock approximation) , which does not compare well with the traditional interpretation of quantum 
interference. In this connection, note that the second-order interference corresponds to the "intensity interferometry" , 
which is associated with the energy (intensity) squared. The problem is analyzed in details in Part II of the present 
study. 

The above-described differences between the traditional quantum theory of BEC and the present model are sum- 
marized and interpreted again as follows. The interference-induced cross-correlation energy, which does not exist 
in the canonical quantum mechanics based on the Copenhagen-Dirac postulate, is permitted in the BEC quan- 
tum model in the form of the interaction energy ()146|) . The second-order cross-correlation term ()146p is respon- 
sible for the interaction ("hidden interference") between the different particles. The cross-correlation integral in 
the term (|146p is usually interpreted as exchange one. According to quantum mechanics, the integral describes 
the quantum exchange of particles associated with the indistinguishableness of the identical bosons. The quan- 
tum exchange of bosons is somewhat similar to the exchange of virtual particles in a short time {At < 1/Ae) 
in perturbation theory. Mathematically, the BEC quantum system is described by a trial, single mathematical 
wave-function composed from the cross- correlating, single mathematical functions associated with the single particles 
[\l/(ri, r2, Tat) ~ Vi(ri)?/;2(i"2)---V'iv(rAr) = '0(ri)i/'(r2)...V'(rAr)], which yields the mathematical cross-correlation 
("hidden interference") between particles and the respective cross-correlation energy. In the model, the "hidden in- 
terference" is usually interpreted as the inter-particle interaction and the interaction energy mediated by the quantum 
exchange of particles. Notice, the same mathematical approach yielding the "hidden interference" between particles 
and the respective cross-correlation energy has been originally used by R. H. Dicke for the mathematical construction 
of the quantum-mechanical model of the superradiance [2J] . The model Hamiltonian (|144[) of BEC is also constructed 
mathematically by using the same (Hartree-Fock) approximation, which yields the interference and cross-correlation 
energy of particles, in the second order of the mathematical cross-correlation. The dynamics of the trial, single-particle 
wave-function of BEC is described by the Gross-Pitaevski model equation derived by using the model Hamiltonian 
(|144p . As an example of the mathematical ("hidden") interference, one could mention also the Bogoliubov treatment 
of the Gross-Pitaevskii equation, which help to find the elementary excitations of a Bose-Einstein condensate and to 
demonstrate the BEC super-fluidity. To that purpose, the condensate wave-function is approximated by a sum of the 
equilibrium wave-function and a small perturbation. In the model, the Bose gas does exhibit an energy (velocity) 
gap. The energy (velocity) gap, according to Landau's criterion, shows that the condensate is a super-fluid, meaning 
that if an object is moved in the condensate at an energy (velocity) smaller than the energy (velocity) gap, it will not 
be energetically favorable to produce excitations. The object will move without dissipation, which is a characteristic 
of a superfluid. The same result was found also by using the second quantization of the Bogoliubov wave-function of 
BEC. For the comparison, in the present model, the BEC superfluidity has the physical explanation (interpretation), 
which does not associate with the mathematical approximation. In the model, a quantum particle is considered as an 
indivisible unit-fleld of the matter. The dynamics of the unit-fleld is described by the Euler-Lagrange equation of mo- 
tion flll - flil with the initial and boundary conditions imposed. The energy of the superposition of unit-flelds is given 

by the respective Hamiltonian of the system, which contains the cross-correlation energy X^^^^m^ ^nm [in the first 
order of the cross-correlation (interference)] without mathematical approximations [see. Sees. (2)-(4)]. The interac- 
tion (cross-correlation) energy is given by J2,i^7n ^ 

nmi where 'Hnm — Jq [ at" ^j"" "I" ^V'n ' ^V'm "I" ™nV'n'^m''/'m]c^'^''- 

The field of BEC is considered as the superposition of individual coherent or partially coherent unit-fields (bosons) , 

^'(ri, r2, Tat) — X]^=i V'n(i"n)- The interaction (cross-correlation) energy J2n^m!^ T^nm of the bosons (harmonic 
wave- like unit-fields) has been calculated in Sec. (2). The interaction of the boson unit- waves of BEC with any 
perturbing wave is possible only in the case k' = ko [see, the condition (|137p ]. where k' and kg = k„ = k^ are the 
momentums of the perturbing wave and the boson unit- waves of BEC, respectively. If the absolute values and/or 
directions of the momentums are different, then the energy of the interaction (cross-correlation) of BEC with the 
perturbing wave is zero. In other words, the perturbation could not resist the BEC current providing the phenomena 
of superfluidity and superconductivity. The interpretation is somewhat different from the traditional mechanism, 
which does use the energy (velocity) gap in the explanation of superfluidity. 

Although the quantum mechanical model and the present models are very similar in many aspects (see, the above- 
presented discussion) , the following basic properties of BEC do exist in the present model, only. In the present model 
[see. Sees. (2)-(4)], the total energy Ti — Afeo of the cross-correlating unit-waves (bosons) in BEC is given by 

< -H < iV^eo, (148) 

where Eq — (kg + rng)^/^ is the particle energy in the ground state, and 



< TV < iV^ 



(149) 
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is the effective number of the unit- waves (particles) = V'On(r). The effective number of particles A/", which is 

determined by the phases a„ of the unit-waves, can be a non-integer: 

n'^-n 

The momentum P of BEC is given by 

P=AAko, (151) 

where kp = kpg is the momentum of the unit- wave (particle) in the ground state. Notice, the value feg^ = Stt^F"^/'^ 
if BEC is closed into the resonator-like box of the volume V , and the external potential t/(r)— >-0. If the electric 
unit-charge is associated with the mass mo of the unit-wave '!/'On(r) = '0(i"n) [see comments to Eqs. (|123p and 
(|124p . and Figs. (5)-(8)], then the charge (0 < Q < N'^qo) of the cross-correlating unit-fields is given by 

Q = AAgo, (152) 

where the value N can be a non-integer. Here, the Pauli exclusion principle for the fermions (unit-waves) should be 
taken into account in concrete calculations of the field parameters. The Pauli principle states that no two identical 
fermions may occupy the same quantum state simultaneously. Therefore, the charged unit-field should be a boson-like 
composite unit-field (particle). Similarly, if the magnetic moment mo is associated with the mass mo of the unit-field 
■)/'on(r) = V'(rri) [see comments to Eqs. (|123p and (|124p . and Figs. (5)-(8)], then the effective magnetic moment 
(0 < M < A^^mo) of the cross-correlating unit-fields is given by 

M = 7Vmo, (153) 

where the value M can be a non-integer. 

It is generally accepted that all boson-like particles that make up BEC at the temperature T «Tc are in-phase 
(see, the above-considered conventional quantum mechanical description of BEC). In such a case, the effective number 
of particles (|150p in BEC is given by 

N=N'^. (154) 
Respectively, Eqs. (|148p - (|153p yield the extraordinary values 

H = N'^eo, (155) 

P = iV^ko, (156) 

Q = iV^go, (157) 

and 

M = iV^mo (158) 

of the energy, momentum, charge and magnetic moment of BEC, which are responsible for the BEC super-properties. 
Notice, although the boson parameters associated with the charge have been formally introduced [see, Eqs. (|152p . 
(|153p . (|157p and (|158p ] into the BEC model, the nonexistence of the boson/antiboson charges is determined rather by 
the experiment data than the model (see. Part II). The anomalous values of the physical parameters of BEC at the 
low temperatures [T « Tc) are obtained also in the case of annihilation of the unit-waves '!/'On(r) and V'Om(r), which 
is provided by the pure subtractive interference of the unit-waves at the phase condition Aa„m = Q!„ — Um — ±7r. 
The physical values of the annihilated BEC are extremely small, A^ = H = P = Q = M = 0. If the boson gas is in 
the thermodynamical equilibrium at the temperatures T » Tc, the cross-correlation energy is equal to zero and the 
BEC energy ('H)t = -^(£o)t is equal to the ordinary mean thermal energy: 



{n)T = iV(3/2)fcsT, 



(159) 
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where A'' is the total number of the particles. Notice, Eq. (jl59l) uses the non-relativistic particle energy Eq w (kQ/2TOo)> 
where the irrelevant relativistic part (energy e = mo) has been discarded. At the intermediate temperatures (T ~ Tc) 
the boson gas contains the particles with the extraordinary and ordinary physical properties. In other words, the gas 
contains the < N incoherent (ordinary) unit-waves and the = N — Ni^ coherent (extraordinary) unit-waves. 
If the coherent particles (unit-waves) are in-phase, the effective number of such particles is given by Nc — — 
{N — NicY . The phase transition from the incoherent (ordinary) state of the gas to the BEC state takes place below 
a critical temperature Tc, which is calculated by assuming the equality of the effective number of coherent particles 
to the number of incoherent particles {Nc = Nic): 

Nl = N - Nc. (160) 

According to Eq. ()154p . even the small fraction {Nc << Nic) of the coherent unit- waves (particles) would dominate 
(A/'c >> Nic) the gas physical properties if 

Nc>[N+{l/A)]'^'~{l/2). (161) 

For instance, below the critical temperature, the coherent physical properties of the one hundred and one {Nc = 101) 
coherent particles would dominate the ten thousand {Nic = 10000) incoherent particles of BEC [see, Eqs. (|154l) - (|158p ]. 
If the dependence of the number of coherent particles on the temperature is known, then the value Tc is calculated 
by using Eq. (|160p . For instance, at the exponential decrease of the number of coherent particles with increasing the 
gas temperature, the value Nc is given by 

Nc = Ar2cxp(-(3/2)fcBT(fc2^/2m)-i + 1), (162) 

where Nc = N'^ at the condition (3/2)fcBT — k^g/2m. In the case of BEC closed into the resonator-like box of the 
volume V and the external potential J7(r)— 7>0, the expression (|160p yields the following equation for the calculation 
of the critical temperature Tc- 

e^N^exp{-2n-^mkBV^/^Tc) + eNexp{-n-'^mkBV'^^^Tc) -1 = 0, (163) 

where e = exp(l). In the limits of the low and high temperatures, Eq. (|163|) yields the analytical solutions 

Tc w {l/2)n^{mkBy^V-'^^^{e^N^ + eN - l){2e'^N^ + eAr)"^ (164) 

and 

Tc^n'^{mkB)'^V-^^^\nN, (165) 

respectively. The critical temperature (I164p is somewhat different from the Einstein critical temperature (jl42l) . 
However, the value ()165p compares well with the temperature ()142p . The exact dependence of the critical temperature 
Tc on the particle density, which is described by Eq. (|163p . has more complicated character in comparison to 
the Einstein model. One can easily calculate the critical temperatures by using the present model also for more 
sophisticated experimental conditions in the Bode-Einstein condensate. The physical mechanism behind the critical 
temperature Tc of the phase transition in the Bose-Einstein condensate could be clarified better by considering the 
simplest BEC. The bounded unit-field boson pair, the pair that has the minimum energy at the distance R ^ oo, 
has been considered in Sec. (4) as a stable composite particle. The composite particle can occupy the stable 
state even when the first and second particles have zero momentums, ki = k2 = 0. In the frame of the present 
model, a composite particle could be considered as the simplest (two-particle, = 2) Bose-Einstein condensate with 
Tc ~ (l/2)7r^(rnfcB)~-^l^~^/^(e^2'^-|-2e— l)(2e^2^-|-2e)~^. The two-particle condensate (composite particle) dissociates 
into the two independent (free) particles if the mean thermal kinetic energy {'H)t = 2{3/2)kBT of the two particles is 
bigger than the energy-mass defect AH = %- (^11+^22) = "^12 +"^21 [see comments to Eqs. dH), (|35]), (fT2T|) - (fT28l) . 
and Figs. (5)-(8)] of the composite particle, (?^)t > 'H12 +^21. The dissociation at the temperature T > Tc, where 
Tc = [K12 -l- 'H2i]/3fcB, is the physical mechanism behind the phase transition in the simplest (two-particle, N = 2) 
Bose-Einstein condensate describing by the Einstein critical temperature Tc ~ 3.31(mA:B)~^(2/F)^/^ [see, Eq. (|142p ]. 
The physical mechanism attributed to the difference between the mean thermal kinetic energy of particles and the 
energy-mass defect (potential energy) of the Bose-Einstein condensate is somewhat different from the thermodynamical 
interpretations of the critical temperature of the phase transition in the phenomenological and microscopic models of 
BEC based on the Copenhagen-Dirac postulate and the Hartree-Fock mathematical approximation in the canonical 
quantum mechanics and particle field theory. 
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Let me now briefly consider the other coherent quantum phenomena associated with the macroscopic quantum 
coherence (interference), namely the superfluidity, superconductivity, supermagnetism, Bosenova effect, and quantum 
anomalous and fractional Hall effects. I should first demonstrate the relationships of the aforementioned extraor- 
dinary physical phenomena with the Bose-Einstein condensation, and then compare them with the present model. 
It is convenient to begin such an analysis with consideration of the superconductivity. The phenomenological semi- 
microscopic Ginzburg-Landau theory (GLT) of superconductivity which combines Landau's phenomenological 
macroscopic theory of second-order phase transitions with a Schrodinger-like wave equation, had a great success in 
explanation of the macroscopic properties of superconductors. Although the Landau theory and GLT are constructed 
phenomenologically, they are usually interpreted as the semi-microscopic mean field theories (MFT). Any true micro- 
scopical MFT replaces all microscopic interactions to any one particle with an average or effective interaction. That 
reduce the multi-particle problem into an effective one-particle problem. The approximation mathematical procedure 
is quit similar to the Hartree-Fock mathematical approach, which yields the " hidden interference" , cross-correlation 
and cross-correlation energy of particles in the BEC quantum mechanical model. Probably, the MFT nature of the 
Landau theory and GLT is a mathematical reason of a great success of semi-microscopic Ginzburg-Landau model in 
explanation of the macroscopic properties of superconductors. The true microscopic fundamental quantum models 
(the Bardeen-Cooper-SchriefFer (BCS) and Bogoliubov quantum models) of superconductivity have been proposed 
by J. Bardeen, L. N. Cooper and J. R. Schrieffer [30|] and independently N. N. Bogoliubov |3l[. The "hidden in- 
terference" between particles and the respective cross-correlation energy in these two fundamental models also may 
be interpreted as the result of the Copenhagen-Dirac postulate of the "interference-less", self interfering particles 
and the Hartree-Fock like mathematical approximation. Indeed, in the normal state of a metal, the electrons move 
independently, whereas in the BCS state, they are bound into "Cooper pairs" by the attractive interaction through 
the exchange of phonons. The BCS theory explains the superconducting current as a superfluid of Cooper pairs. Thus 
the superconductivity is interpreted as a macroscopic effect, which results from "condensation" of Cooper pairs. The 
pairs have boson properties, while bosons, at sufficiently low temperature, can form the above-described Bose-Einstein 
condensate. The BCS method [s^] of the mathematical approximation, which yields the "hidden interference", cross- 
correlation and cross-correlation energy in the quantum model of superconductivity based on the Copenhagen-Dirac 
postulate of the "interference- less", self interfering particles is quite similar to the Hartree-Fock approximation (MFT 
extension), where a trial single mathematical wave-function 4'(ri, r2, tat) of the quantum many-particle system is 
the product 

*(ri, r2, tn) = V(i-i)V'(i-2)...^(rjv) (166) 

of the cross-correlating mathematical functions associated with the single particles yielding the "hidden interference" 
(mathematical cross-correlation) between particles. In the Bogoliubov model of superconductivity, the approximation 
mathematical method, which yields the "hidden interference", cross-correlation and cross-correlation energy in the 
quantum model of superconductivity based on the Copenhagen-Dirac postulate of the "interference- less" , self interfer- 
ing particles, could be associated with the Bogoliubov transformations (sij. This extremely elegant and sophisticated 
transformation method is very similar to the Hartree-Fock approximation (MFT extension). The Bogoliubov math- 
ematical approach (approximation), however, uses rather the mathematically cross-correlating operators than the 
cross-correlating, single-particle mathematical functions ipivn). In the Bogoliubov model, the "hidden interference", 
cross-correlation and cross-correlation energy of particles are mediated by the " cross-correlating" commutators with 
the commutator relation 

[b,b^] = {\u\^ + \v\^)[a,a% (167) 

where 

b = ua + va\ (168) 

and 

P = u*a^ +v*a. (169) 

Here, a and are canonical annihilation and creation operators of the single boson particle. The Bogoliubov trans- 
formation is a canonical transformation of the operators 6 and 6^ . A superfluid is the Bose-Einstein condensate, which 
does possess some hydrodynamical properties that do not appear in ordinary fluid. Although the quantum mechanics 
of the superfluidity based on the Copenhagen-Dirac postulate of the " interference- less" , self interfering particles and 
the Hartree-Fock like or operator-based mathematical approximations is very similar to the superconductivity, the 
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microscopic details of the phenomena are different. If superfluid particles are bosons, their superfluidity is regarded 
as a consequence of Bose-Einstein condensation in the system of interacting boson particles. If the particles are 
fermions, then the superfluidity is described by the generalization of BCS quantum theory of superconductivity. In 
the generalized theory, Cooper pairing takes place between atoms rather than electrons, and the attractive interaction 
between them is mediated by spin fluctuations rather than phonons. A unified description of superconductivity and 
superfluidity is currently possible only in terms of the gauge symmetry breaking. The present model provides a unified 
description of the two phenomena in the extremely simple manner, namely in terms of the cross-correlation energy 
associated with the ordinary interference of boson or boson- like unit-waves (particles). The superfluid boson current 
density j is simply given by j = P/mV = Afcko/niV, where A/'c (0 < Afc < N"^) is the effective number of the Nc coher- 
ent unit- waves (bosons), and N is the total number of bosons. The density je of the electric super-current of the Cooper 
electron pairs (boson unit- waves) having the charge 2e and mass 2me is given by je = 2eP /2meV = eAfck-o/rrieV, 
where < Afc < N'^ is the effective number of the coherent Cooper bosons. Thus even small fraction {Nc << N) of 
the coherent unit-waves (particles) would produce the coherent current, whose physical properties would dominate 
the current associated with the incoherent unit-waves (particles). If all the EEC particles are in-phase, the effective 
number A/'c — N"^ of the coherent unit-waves (bosons) would provide the maximum value of the EEC current. It 
should be stressed again that interaction of the boson unit- waves of EEC with any perturbing wave is possible only in 
the case k' = kg, where k' and ko are the momentums of the perturbing wave and the unit-waves of EEC, respectively 
[see, the condition (|137p ] . If the directions or absolute values of the momentums are different then the energy of the 
interaction (cross-correlation) of the Eose-Einstein condensate with the perturbing wave is zero. In other words, the 
perturbation could not resist the EEC current providing the phenomena of superfluidity and superconductivity. 

Superdiamagnetism (perfect diamagnetism) is a phenomenon occurring in certain materials at low temperatures, 
characterized by the complete absence of magnetic permeability and the exclusion of the interior magnetic field. 
According to the "modified" quantum mechanics, superdiamagnetism is a feature of superconductivity, which is 
described by the quantum mechanics by a single wave-function [28| of the EEC state. The Eose-Einstein condensation 
also applies to quasiparticles in solids. For instance, a magnon in an antiferromagnet carries spin 1 and thus obeys 
the Eose-Einstein statistics. A magnetic ordering at the temperatures lower than the point of condensation is the 
analog of superfluidity. The anomalous magnetic properties of the material, in the present model, are attributed 
to the extraordinary magnetic moment [see, Eqs. (|153|) and dlSSp ] of the Eose-Einstein condensate. The quantum 
anomalous and fractional states of particles in quantum anomalous and fractional Hall effects do not associate directly 
with EEC. The fractional quantum Hall effect is a physical phenomenon in which the quantum system behaves as if 
it was composed of particles with charge smaller than the elementary charge. Fractionally-charged quasiparticles, for 
instance, in the very elegant theory proposed by R.E. Laughlin [32| . is based on the trial mathematical wave-function 

*(ri,r2,...,rw) = [HA,>,>,>i(r, - r,)"]Hf ^(r^) (170) 

for the ground state, as well as its quasiparticle and quasihole excitations, which is quite similar to the trial mathe- 
matical single wave- function (|166|) . which yields the "hidden interference" (mathematical cross-correlation) between 
particles and the respective cross-correlation energy. According to the theory of composite fermions, which was pro- 
posed by J. K. Jain [33| . in the repulsive interactions, two (or, in general, an even number) flux quanta are captured 
by each electron, forming integer-charged quasiparticles called composite fermions. The fractional states of electrons 
are understood in this very effective theory as the integer quantum Hall effect of composite fermions, which may be 
reinterpreted as the "hidden interference" of particles. The present model interprets these effects simply in terms 
of the interfering unit-waves (particles) with the effective particle number (0 < < N"^), which can be fractional 
number bigger or smaller than one [see, Eq. (|152|) ]. 

It is impossible in the present study to consider all the super-properties and coherent effects of the Eose-Einstein 
condensate. However, one should mention the so-called Eosenova or Eose-supernova effect [s^l recently observed in 
the Eose-Einstein condensate. The effect is a small explosion, which can be induced by changing the magnetic field 
in which the Eose-Einstein condensate is located, so that the EEC quantum wave-function's self-attraction becomes 
repulsive. Under the explosion, a considerable part of the particles in the condensate disappears. The "missing" 
particles (atoms) are undetectable in the experiments probably because they form into molecules or they get enough 
energy from somewhere to fly away fast enough. Several mean-field quantum theories have been proposed to explain 
the phenomenon. It seems that in the canonical quantum theories this characteristic of the Eose-Einstein condensate 
remains unexplained, because the energy of a particle near absolute zero appears to be insufficient to cause the 
implosion. The present model describes the Eosenova explosion in terms of the repulsive force associated with the 
gradient of the cross-correlation energy (0 < H < N'^Eq) of the interfering boson or boson-like particles (unit-waves). 
The number of detectable particles, which is given by the effective particle number (0 < A/" < iV^), varies with 
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changing the interference conditions in the Bose-Einstein condensate. For the details of the interaction mechanism, 
see Part II. 

The above-considered quantum-mechanical models give the absolutely correct description and explanation of the 

extraordinary coherent physical phenomena, such as Bosc-Einstcin condensation, super-radiation, Bosenova effect, su- 
perfluidity, superconductivity, supermagnetism, and quantum anomalous and fractional Hall effects. The models are 
based on the canonical quantum mechanics and quantum field theory together with the Copenhagen-Dirac postulate 
of the " interference- less" , self interfering particles and the different, generally-accepted mathematical approximations. 
The trial Hamiltonians of the models are invariant under the U(l) local gauge transformation. Therefore the interfer- 
ence between particles and the respective cross-correlation energy are provided mathematically by the second order 
cross-correlation fimctions, which does not depend on the values of the particle phases. In other words, the U{1) gauge 
symmetry of the trial Hamiltonians provides the very particular (in comparison to ordinary interference) mathemat- 
ical cross-correlation ("hidden interference") and the respective cross-correlation energy, which do not depend on the 
phases of the probability waves associated with the wave-functions of particles. The interpretations of such models 
are usually incorrectly based on the interpretations of the mathematical approximations used in the models. One 
could also mentioned that the Hamiltonians of canonical quantum mechanics are invariant under the U{1) local gauge 
transformation (V-'n ^ i'n = e*""V-'n) providing the " interference- less" behavior of particles due to the independence 
of the canonical quantum Hamiltonians on the wave- function phases «„. 

In quantum mechanics, particle field theory and the present model, the Bose-Einstein condensation of bosons is 
intrinsically related to the Bose-Einstein statistics, Fermi-Dirac statistics and Pauli exclusion principle. The physical 
mechanism behind these phenomena in the present model, however, is different from the traditional mechanisms of 
quantum mechanics and particle field theory based on the waves (fields) of probability or the waves (fields) of operators. 
Unfortunately, the traditional mechanisms (interpretations) are complicated and non-trivial. Therefore the traditional 
mechanisms should be discussed again, in the context of the present model, by emphasizing their mathematical 
structure associated with the different (powerful) mathematical approximation methods, which are based on the use 
of mathematical objects (mathematically correlating wave-functions and commutators). Naturally, the mechanisms 
may be well clarified by considering the most simplest systems, namely the two-particle objects. In the canonical 
quantum mechanics, the two-particle system is described by an antisymmetric (fermion) or symmetric (boson) state 
that mathematically constructed by using the mathematical trial wave-functions associated with the probability 
amplitudes of particles. According to the spin-statistics theorem of quantum mechanics the integer spin particles are 
bosons, while the half-integer spin particles are fermions. If the fermions (for instance, electrons) are the same, the 
mathematically constructed (trial) antisymmetric expression of the state gives zero. Therefore, in an antisymmetric 
state, two identical fermions cannot occupy the same single-particle states. This is usually interpreted as the Pauli 
exclusion principle, which in a such interpretation form has the mathematical character based on the mathematical 
properties of the antisymmetric state (antisymmetric function) . In particle field theory, the Pauli exclusion principle is 
sometimes attributed to the mathematical properties of the canonical commutation relations (mathematical objects) 
associated with the fermion operators. The mathematical engineering of the antisymmetric state (mathematical 
function associated with the wave of probability) in the canonical quantum mechanics or the commutation relation 
(trial commutator) of the fermion operators in particle field theory mathematically yields the Fermi-Dirac statistics 
(correlations), whose interpretation is also mathematical. The Pauli exclusion principle and Fermi-Dirac statistics 
mathematically forbid the Bose-Einstein condensation of particles (fermions). The modeling of the two-particle boson 
gas by the mathematically constructed symmetric state (mathematical function) of the canonical quantum mechanics 
or the use of the mathematically constructed canonical and Bogoliubov's commutation relations for the mathematical 
operators in the quantum field theory does result into the Bose-Einstein statistics (correlations), which mathematically 
permit the Bose-Einstein condensation. According to the quantum mechanics and particle field theory based on the 
Copenhagen-Dirac postulate of the " interference- less" , self interfering particles and the different, generally-accepted 
mathematical approximations, the Bose-Einstein condensation, Bose-Einstein statistics, Fermi-Dirac statistics and 
Pauli exclusion principle have their physical origins in the interaction ("hidden interference") between the particles 

describing by the interaction (cross-correlation) energy Y^^^^ T-Lnm- The interaction energy is mediated by the 
"hidden interference" by using the mathematical approximations, which are based on the mathematically cross- 
correlating wave-functions or the operator commutators. In the present model, the physical mechanism behind the 
Bose-Einstein statistics, Fermi-Dirac statistics and Pauli exclusion principle is attributed simply to the repulsive or 
attractive forces associating with the additive or subtractive interference (cross-correlation) of the real unit- waves 
(bosons or fermions) of the matter. 

It should be stressed again that the unified description of the interfering elementary particles (unit-fields) and the 
coherent (extraordinary) physical phenomena is given in Part II of the present study, where the Hamiltonian 'Hn of 
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the massive (the rest mass mg ^ 0) particle is associated with the unit-field energy squared ("Hn = = Isq + m^^). 
Respectively, the Hamiltonian "H of the massive field composed from the iV particles is attributed to the total field- 
energy squared {'K = = J2n=i'^™ + ^n^m^ '^nm)- In such a case, the physical parameters of the interfering 
massive imit-fields are described by the respective equations of Sees. (3)-(5) with < c < Neq and < J\f < N. 
The interference and cross-correlation energy of these unit-fields is attributed to the second-order cross-correlation of 
the intensity interferometry. In Part I of the present study, the Hamiltonian Hu of the particle is associated with 
the unit-field energy Hn = £o = [kg + mg]^/^, and the Hamiltonian H of the field composed from the A'' particles 

having zero rest mass is attributed to the total-energy "H = e = X]^=i + Y^n^7n^ T~Lnm- The energy of the cross- 
correlating mass-less unit-fields is then given by < "H < N'^eq with the respective effective number < A/" < N'^ 
of the mass-less unit-fields. The interference and cross-correlation energy of these unit-fields is attributed to the 
first-order cross-correlation of the amplitude interferometry. 



6. THE PRESENT MODEL VERSUS TRADITIONAL ANALYSIS OF A MANY-PARTICLE SYSTEM 



The following general analysis could make more transparent the methodology and philosophy of the present model 
based on the non-quantum and quantum interference between particles and the respective cross-correlation energies. 
The canonical quantum mechanics strictly forbids the existence of the interference between particles and the respec- 
tive cross-correlation energy [a quantum particle interferes (correlates) only with itself]. The Hamiltonians of the 
canonical quantum mechanics are invariant under the U{1) local gauge transformation {ipn i]-''n = e*""'0n)- The 
U{1) gauge symmetry provides the interference-less behavior of particles due to the independence of the canonical 
Hamiltonians on the phases a„. In the "modified" quantum mechanics based on the Copenhagen-Dirac postulate 
of the " interference- less" , self interfering particles, the "hidden interference" between particles and the respective 
cross-correlation energy are mediated by using the different powerful mathematical approximations. In such an ap- 
proach, a mathematical wave-function of the quantum system is usually constructed mathematically as a product of 
the single-particle mathematical functions that cross-correlate in the second or higher order yielding the mathematical 
cross-correlation ("hidden interference") between particles and the respective cross-correlation energy. The mathe- 
matical approach mediates the "hidden interference" and cross-correlation energy of particles [in the second-order 
or higher of the interference (cross-correlation)] in the quantum mechanical multi-particle systems. Although the 
mathematically constructed trial Hamiltonians of the "modified" quantum mechanics are invariant under the U{\) 
local gauge transformation, the interference between particles and the respective cross-correlation energy are provided 
mathematically by the second or higher order cross-correlation functions, which do not depend on the values of the 
particle phases. In other words, the U{1) gauge symmetry of the trial Hamiltonians provides the very particular (in 
comparison to the ordinary interference) mathematical cross-correlation ("hidden interference") and the respective 
cross-correlation energy, which do not depend on the phases of the probability waves of particles. For the sake of 
simplicity, the mathematical approach in the above-considered models of the coherent quantum phenomena has been 
attributed to the Hartree-Fock approximation and mean-field theory (MET). Nevertheless, one can easily demon- 
strate that the "hiddcm interference" between particles and cross-correlation energy are mediated by other powerful 
mathematical approximations (approaches), such as the MFT extensions (e.g. Hartree-Fock and random phase ap- 
proximations), many-body perturbation theory. Green's function-based methods, configuration interaction, coupled 
cluster, various Monte-Carlo approaches, density functional theory, and lattice gauge theory. In the quantum field 
theory, the "hidden interference" between particles and the respective cross-correlation energy are mathematically 
induced by the mathematical approximations associated with trial cross-correlating operators (for instance, the Bo- 
goliubov operators). The mathematical construction of the antisymmetric state (function) in quantum mechanics or 
the canonical commutation relation for fermions in particle field theory automatically yields the Fermi-Dirac statistics 
and Pauli exclusion principle, whose interpretations are usually mathematical ones. Modeling the boson gas by the 
symmetric state (function) or the use of the canonical commutation relation of bosons lead mathematically to the 
Bose-Einstein statistics. Naturally, the interpretations of the mathematical approximations could have the mathe- 
matical character. In the quantum mechanics and quantum field theory based the Copenhagen-Dirac postulate of 
the "interference-less" particles, the "hidden interference", cross-correlation and cross-correlation energy of particles 
appears as a result of interaction ("hidden interference") of the particles describing by the different approximate 
mathematical methods in the non-operator or operator form, which do not compare well with the basic principle [a 
particle interferes (correlates) only with itself] of the canonical quantum mechanics and quantum field theory. The 
interpretations of the mathematical approximations are sometimes incorrectly considered as the physical interpreta- 
tions of the "modified" quantum mechanics and particle field theory of the Bose-Einstein condensation, superfluidity, 
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superconductivity, supermagnetism, super-radiation, Bosenova effect, and quantum anomalous and fractional Hall 
effects. In the frame of such interpretations, the coherent quantum phenomena may be attributed formally even to 
the mathematical errors mediated by the mathematical approximations. 

A particle of the canonical quantum mechanics associated with the wave of probability is free from the interference 
(cross-correlation) with other particles. The above-discussed mathematical approach, which does not compare well 
with the basic principle of canonical quantum mechanics and quantum field theory based on the Copenhagen-Dirac 
postulate of the "interference-less" particles, has been extremely useful for the mathematical construction ("engi- 
neering") of the models that successfully explain and interpret the all coherent quantum phenomena, such as the 
Bose- Einstein condensation, superfluidity, superconductivity, supermagnetism, super-radiation, Bosenova effect, and 
quantum anomalous and fractional Hall effects. Therefore this approximate mathematical approach was generally ac- 
cepted in the past. It is very effectively used in the quantum mechanics and quantum field theory up to now. Although 
the mathematical cross-correlation (" hidden interference" ) between particles and the respective cross-correlation en- 
ergy are closely connected with the mathematical approximations, these theories rely on a set of approximations 
specific to the particular physical problem. The "hidden interference" between particles and the cross-correlation 
energy do appear in the quantum mechanics and particle field theory already at the very beginning of considera- 
tion of the physical problems pertaining to the properties of quantum systems made of a large number of particles 
(many-body problem). The "hidden interference" and cross-correlation between particles do appear in the "modified" 
quantum mechanics and quantum field theory in the form of the interaction (cross-correlation) energy. It is impossible 
in the present study to analyze all the models of such quantum theories. The approach of the mathematical inser- 
tion of the "hidden interference", cross-correlation energy, Bose-Einstein statistics, Fermi-Dirac statistics and Pauli 
exclusion principle into the canonical quantum mechanics and quantum field theory, which strictly forbid existence 
of the interference between particles and the respective cross-correlation energy, is illustrated by using the following 
traditional (typical) analysis of a many-particle quantum system. 

As long as the number of particles of a non-relativistic quantum system is fixed the system can be described by a 
wave- function, which contains all the information about the state of that system. This is the so-called first quantization 
approach in the traditional analysis of a many-particle quantum system. The interaction-free particles are described 
by the Schrodinger equation of the canonical quantum mechanics of a single particle. The wave-functions ipni^^) of 
the interaction-free particles must not correlate with each other in the points r: 

y"C(r)V'm(r)dV = (V'„(r)|V'™(r)) = 6nm, (171) 

where Snm is the Kronecker delta. Notice, the value (|171|) providing the interference-less behavior of particles is equal 
to zero if the functions do not overlap spatially with each other or if they are orthogonal in the Hilbert space. The 
de Broglie wave [wave- function V'ra(r)] associated with the n-th particle has a probabilistic interpretation in position 
space. The values ^*(r)?/'„(r) and / V'j^(r)V'Ti(r)d'^r = N = 1 are interpreted respectively as the probability (particle) 
density and the total number {N—1) of particles for the n-th particle. For the sake of simplicity, consider a system 
composed from two identical particles. In the case of the multi-particle (A'^ > 2) quantum system, the consideration 
is the same as the analysis of two particles. The non-relativistic energy T-l of the interaction-free particles, which is a 
superposition of the non-relativistic canonical Hamiltonians of the single particles, is given by the Hamiltonian 

H - Hi = (^i(ri)|(p?/2TOi)|V'i(ri)) -I- (V^2(r2)|(P2/2™2)|V'2(r2)). (172) 

Notice, the Hamiltonian (|172p of the interaction-less particles is invariant under the U{1) local gauge transformation 
i'4'n ~^ i^'n — ^^""tpn) giving risc to the interference-less behavior of particles. According to quantum theory, the 
particles do not possess definite positions during the periods between measurements. Instead, they are governed by 
wave-functions that give the probability of finding a particle at each position. As time passes, the wave-functions 
tend to spread out and overlap. Once this happens, it becomes impossible to determine (distinguish), in a subsequent 
measurement, which of the particle positions correspond to those measured earlier. Intuitively, the quantum state 
[trial wave-function 5'(ri,r2)] of the system should be 

^{ri,r2)=Mri)M^2) (173) 

or 

1'(ri,r2) =?Ai(r2)V'2(ri), (174) 

for instance, see the pioneer studies [l^ and [s^ . The engineering of the trial wave- function is simply the canonical 
way of constructing a basis for a tensor product space from the individual spaces. We can use the functions (jl73p 
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and l|174p to form symmetric and antisymmetric functions of the system. The need for symmetric (bosonic) or 
antisymmetric (fermionic) states and functions is sometimes incorrectly regarded as an empirical fact. It turns out, 
for the mathematical reasons ultimately based on quantum field theory, that we must have the exchange symmetric 
states 

4'(ri,r2) = ?/'i(ri)V'2(r2)±Vi(r2)i/'2(ri), (175) 

which includes the exchange of coordinates ri and r2 (not virtual particles). The states, where this is a sum, are 
known as symmetric; the states involving the difference are called antisymmetric. If "01 (r) and ■02 (r) are the same 
[■(/'i(ri) = 7/;2(ri) and 'ipi{r2) = V'2(r2))], the antisymmetric expression gives zero. The same result is obtained if 
"01 (ri) = 'ipi{r2) and V'2(r2) = '>p2(ji)- In other words, in an antisymmetric state two identical particles cannot 
occupy the same single-particle states. This is sometimes interpreted as the Pauli exclusion principle, which can 
be reinterpreted as disappearance of both the wave-function [^'(ri,r2) — 0] and the object composed from the two 
identical particles. Notice, the question "Why are the particles identical?" is usually interpreted as a wrong one, 
because the question arises from mistakenly regarding individual particles as fundamental objects, when in fact it 
is only the particle (quantum) field that is usually interpreted to be fundamental. The trial Hamiltonian of the 
system describing by the mathematically constructed functions (|173p , (|174p or (|175p can be written by using the trial 
wave-function ^(ri,r2), for instance, in the form 

n=ni+n2 + [H12 +H21] = (*(ri,r2)|(p?/2TOi +p2/2TOi)|^-(ri,r2)) + (*(ri, r2)|C/(|ri - r2|)|^'(ri, r2)), (176) 

which is different from the Hamiltonian (|172l) of the interaction-less particles. Therefore, the new term Hu + ^21 = 
(4'(ri, r2)|[/(|ri — r2|)|5'(ri, r2)) is usually interpreted as the potential energy of the interaction of particles with each 
other. Notice, the interaction term in the form (^(ri, r2)|C/(|ri — r2|)|'I'(ri, r2)) can include also the potential energy 
associated with the interaction of particles with the external macroscopic field [for instance, see Eqs. (|144p - (|146|) ]. 
Although the wave- functions 0i(r) and "02(1") do not cross-correlate (interfere) with each other, in agreement with 
the canonical quantum mechanics [see, Eqs. (I17ip and (jl72l) ]. the "hidden interference", cross-correlation and the 
cross-correlation energy 7^12 -|- H21 do appear in the "modified" quantum mechanics in the form of the interaction 
integrals 

H12+H21- J y"Vi*(ri)V'2*(i-2)(7(|ri-r2|)V'i(ri)V^2(r2)rfVid3r2, (177) 

or 

H12+H21- / /V'i*(r2)V'2*(ri);7(|ri-r2|)V'i(r2)V'2(ri)dVid3r2, (178) 



in the case of the trial wave- functions (I173P or (|174p . respectively. The more complicated trial wave- function (|175p 
yields the interaction energy that includes the terms (|177p and (|178p and the Heisenberg-Dirac exchange integrals 



V'i*(ri)V2*(r2)(7(|ri - r2|)Vi(r2)V^2(ri)dVid^r2 (179) 

J J 

and 

' V^i*(r2)02*(ri)C^(|ri - r2|)V'i(ri)V'2(r2)dVidV2. (180) 

Notice, the object describing by the antisymmetric function (state) (|175p composed from the identical {ipi — 1P2) 
particles does disappear, because the wave-function 5' and the total energy (|176l) do vanish. According to the 
usual interpretations of the "modified" quantum mechanics, the coordinate-exchange integrals describe the quan- 
tum exchange of particles associated with the indistinguishableness of the identical particles. Although the trial 
Hamiltonian ()176p is invariant under the U{1) local gauge transformation {ipn i^'n = e*""V'n)j the mathematical 
cross-correlation (" hidden interference" ) between particles and the respective cross-correlation energy, which do not 
depend on the particle phases «„, are provided by the interaction integrals of this Hamiltonian. The interference and 
cross-correlation of the fields 0i(r) and '02 (r) in the trial Hamiltonian (|176p are especially transparent in the case 
of C/(|ri — r2|) — {g/2)6{\ri — r2|), where g is the coupling parameter that represents the inter-particle interaction 
(interference), for instance, in the Gross-Pitaevski model of the Bose-Einstein condensate [see, Eqs. (|146p and (|147p ]. 
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In such a case, the interference and cross-correlation between particles do appear in the "modified" quantum mechan- 
ics in the form of the cross-correlation (interaction) energy H12 + ^21 ~ J[V'i (r)V'2(r)]['02(i")V'i(r)]rf^'' 7^ with the 
cross-correlation in the same (ri = r2 = r) points ri and r2. One could compare this expression with Eq. (I17ip . 
which describes the interference-free and correlation-free particles. The value (I17ip providing the interference-less 
behavior of particles does vanish if the functions do not overlap spatially with each other or if they are orthogonal 
in the Hilbert space. If the interaction potential is constant (for instance, U{\ri — r2|) = 1), then the interference 
and cross-correlation energy do appear in the "modified" quantum mechanics in the form of the cross-correlation 
integrals ()177p . (|178p . (|179|) and (|180|) with C/(|ri — r2|) — 1, which contain the cross-correlation (interference) in the 
different (ri 7^ r2) points ri and r2, but do not contain directly the potential value. Thus in the above-described 
"modified" quantum mechanics, which does not compare well with the basic quantum mechanical principle [a particle 
interferes (correlates) only with itself], the interference and cross-correlation of particles do appear in the second- 
order of interference (cross-correlation) in the same and/or different space points. The U{1) gauge symmetry of the 
trial Hamiltonian ()176|) provides the very particular mathematical cross-correlation (" hidden interference" ) and the 
respective cross-correlation energy, which do not depend on the phases of the probability waves of particles. The math- 
ematical "engineering" of the symmetric or antisymmetric state [the trial mathematical wave- function associated with 
the waves of probability of the identical (indistinguishable) particles] yields automatically the Bose- Einstein statistics 
or the Fermi-Dirac correlations (statistics) and the Pauli exclusion principle, whose interpretations are mathematical 
ones. The trial mathematical wave-function of two identical particles is symmetric or antisymmetric with respect to 
the permutation of the two particles, depending whether one considers bosons or fermions. In a particular case of the 
non-identical particles there is no permutation symmetry. Consequently there should be no Bose-Einstein or Fermi- 
Dirac correlation between these particles. In the trial wave-function formalism, the difference between particles could 
be attributed only to the difference in mass and/or charge. The difference in the spin of bosons or fermions results 
respectively into the Bose-Einstein or Fermi-Dirac cross-correlations (statistics). Note again that the interpretations 
of the model is also based on interpretations of the mathematical approximations, which do not compare well with 
the basic principle [a particle interferes (correlates) only with itself] of canonical quantum mechanics. It should be 
also noted that in condensed matter physics, the quantum states with ill-defined particle numbers are particularly 
important for describing the various superfluids. Many of the defining characteristics of a superfluid arise from the 
notion that its quantum state is a superposition of states (wave-functions) with different particle numbers TV. For 
instance, the concept of a coherent quantum state used to model the laser and the BCS ground state refers to a state 
with an ill-defined particle number but a well-defined phase. In the present model, the cross-correlation (interaction) 
integral (^(ri, r2)|f7(|ri — r2|)|^(ri, r2)) is associated with the cross-correlation energy ^12 +^21 induced by the 
interference (cross-correlation) of the real unit-fields V'i(r) and '02(r) of the matter [see, Sees. (2)-(4)]. The physical 
mechanism behind the particle cross-correlation (interference), cross-correlation energy, interaction, particle number, 
Bose-Einstein statistics, Fermi-Dirac statistics and Pauli exclusion principle is attributed to the constructive or de- 
structive interference of the unit-waves (bosons or fermions) of the matter. The additive and subtractive interference 
(the repulsive and attractive forces) correspond to the fermion and boson unit-waves, respectively. 

Consider now the above-presented mathematical construction ("engineering") of the multi-particle quantum me- 
chanical system also from a point of view of quantum field theory. Particle field theory deals with quantum systems 
where particles and antiparticles are created and destroyed. The description of the systems with the non fixed number 
of the particles demands a more general theoretical approach called second quantization. In quantum field theory, 
unlike in quantum mechanics, position is not an observable, and thus, one does not need the concept of a position- 
space probability density. The wave- function ipn (r) does not have a probabilistic interpretation in position space. The 
quantum mechanical system is considered as a quantum field. The field elementary degrees of freedom are the occu- 
pation numbers, and each occupation number is indexed by a number n, indicating which of the single-particle states 
■01, '02, ^n, V'JV it refers to. In the above-described "modified" quantum mechanics, which does not compare 
well with the Copenhagen-Dirac quantummechanical principles, the (trial) Hamiltonian describing the mult i- particle 
system in space representation is given by 

N N^-N 

H = (-1/2to)^ /^:(r„)V2V'„(r„)dV„+ ^ / / V:(r™)V';;(rm)C/(|r„ - r™|)0„(r„)V'™(r™)dV„dV„, (181) 

n—l n^m 

where the indexes n and m run over all particles [also, see Eqs. (|144|) - ()146|) and (jl76|) ]. In the quantum field theory, 
the respective trial Hamiltonian is given by 



-H = (-1/2to) / **(r)V2*(r)dV+ / / **(r)**(r')J7(|r - r'|)*(r)*(r')rfVdV, 



(182) 
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which looks like an expression for the expectation value of the energy, with ^ playing the role of the trial wave- 
function. The properties of this field are explored mathematically by defining creation (a^) and annihilation (a) 
quantum operators with the commutation relations imposed, which add and subtract particles. This is the second 
quantization approach. The field is considered as a set of degrees of freedom indexed by position, where the second 
quantization indexes the field by enumerating the single-particle quantum states. The second quantization procedure 
relies on the particles being identical. It is impossible to construct mathematically a quantum field theory from 
a distinguishable many-particle system, because there would be no way of separating and indexing the degrees of 
freedom. From the point of view of the above-described quantum field model, the particles are identical if and only 
if they are excitations of the same quantum field. Such an interpretation is the mathematical interpretation of the 
trial mathematical object, which does not compare well with the canonical quantum mechanics. Remember, the 
question "Why are the particles identical in quantum mechanics?" is usually incorrectly interpreted as a wrong one, 
because the question arises from mistakenly regarding individual particles as fundamental objects, when in fact it 
is only the field (trial mathematical object constructed by using the different mathematical approximations) that is 
fundamental. Mathematically, the secondary quantization of the field is performed by replacing the trial fields ^ and 
^ff* by the respective multimode field operators ^ and Thus the trial Hamiltonian (jl82|) of the trial quantum 
field can be rewritten in terms of the trial field of operators by using the creation and annihilation operators. In such 
a case, the "hidden" inter-particle interference and the respective interaction energy are provided rather by the trial 
cross-correlating operators (mathematical objects) with the trial (canonical and/or Bogoliubov) commutator relations 
for the particles and antiparticles [the observable bosons and fermions or the virtual gauge bosons associated with 
the gauge field U{\r — r'\) and the gauge symmetry breaking] than by the interference of the waves of probabilities 
associated with the single-particle functions '0„(r„) and V'm(rm)- In other words, the mathematical cross-correlation 
between particles and the respective cross-correlation energy are mediated by the mathematical cross-correlation 
between the operators in the interaction integrals of the trial Hamiltonian operator. The trial Hamiltonian (jl82[) and 
the respective Hamiltonian operator are invariant under the U{1) local gauge transformation given rise to the very 
particular mathematical cross-correlation (" hidden interference" ) and the respective energy, which do not depend on 
the particle phases. The mathematical construction of Hamiltonians for bosons and fermions by using the respective 
trial commutator relations automatically yields the particle interference, cross-correlation (interaction) energy, particle 
number, Bose-Einstein statistics, Fermi-Dirac correlations (statistics) and Pauli exclusion principle. If one considers 
the possibility that non-identical particles are virtually related in the sense that they can annihilate and transform into 
identical particles, there should be a new kind of the Bose-Einstein or Fermi-Dirac correlations (statistics). Note again 
that the interpretations of the above-presented quantum-field model are based on interpretations of the mathematical 
approximations, which do not compare well with the basic principle [a particle interferes (correlates) only with itself] 
of canonical quantum mechanics and quantum field theory. Unfortunately, in the frame of such an approach, some 
"physical" interpretations may be attributed formally even to the interpretations of the pure mathematical errors 
mediated by the mathematical approximations. In the present model, the cross-correlation terms in Eqs. (|181|) 
and (|182|) are considered as the cross-correlation energies mediated by the interference and cross-correlation between 
the particles (unit-fields) of the matter [see. Sees. (2)-(5)]. The physical mechanism behind the particle number, 
cross-correlation (interference), cross-correlation energy, interaction, Bose-Einstein statistics, Fermi-Dirac statistics 
and Pauli exclusion principle is attributed to the constructive or destructive interference (cross-correlation) of the 
identical unit-waves (bosons or fermions) of the matter. The additive and subtractive interference (the repulsive and 
attractive forces) correspond to the identical fermion and boson unit-waves, respectively. Naturally, the interference of 
non-identical particles or antiparticles (unit-waves) should result into a new kind of the Bose-Einstein or Fermi-Dirac 
correlations (statistics), namely the correlations between non- identical particles (unit-waves). 

It should be stressed that the "modified" quantum mechanics and the particle field theory based on the "hidden 
interference" between particles and the respective cross-correlation energy inserting into the models by the different 
powerful mathematical approximations have been constructed to give absolutely correct explanation and description of 
the basic coherent physical phenomena, such as the particle interference (cross-correlation), cross-correlation energy, 
interaction, particle number, Bose-Einstein statistics, Fermi-Dirac statistics and Pauli exclusion principle. Naturally, 
these theories give also the correct explanation and description of the extraordinary coherent physical phenomena, 
such as the Bose-Einstein condensation, super-radiation, Bosenova effect, superfluidity, superconductivity, supermag- 
netism, and quantum anomalous and fractional Hall effects. The Hamiltonians of the models are invariant under 
the U{1) local gauge transformation providing the very particular, in comparison to the ordinary interference, math- 
ematical cross-correlation (" hidden interference^^ ) and the respective cross-correlation energy, which do not depend 
on the particle phases. Such a mathematical approach, which has been generally accepted in the past, is effectively 
used in the quantum mechanics and quantum held theory up to now. The present model could be considered as 
a generalization of the aforementioned quantum mechanics and particle field theory by taking into account rather 
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the direct interference between particles and the interference- induced energy than the hidden interference^^ and the 
respective cross-correlation (interaction) energy. 

7. SUMMARY AND CONCLUSIONS 

In the present study, the interference between particles and the interference-induced positive and negative cross- 
correlation energies, which do not exist from the point of view of both the canonical quantum mechanics and particle 
field theory, have been investigated. In order make the results understandable not only to experts in the research 
field, the model concepts where analyzed and reanalyzed in the context of each section of Sees. (l)-(7). In the model, 
for both the classical and quantum fields, the two-times increase of the wave amplitude does increase the wave energy 
in four times, and the wave with zero amplitude has zero energy. The problem of nonconservation of the energy and 
number of particles by the cross-correlation was overcame by taking into consideration the fact that creation of the 
conditions of the pure additive or subtractive interference of the waves (fields) requires " additional" energy that must 
be added or subtracted from the physical system. Then the " additional" energy does provide conservation of the total 
energy of the system. The Hamiltonians that describe the energy inducing by the cross-correlation (interference) in the 
basic classical and quantum fields have been derived. The conditions of pure constructive or destructive interference 
were found by using these Hamiltonians. The influence of the cross-correlation energy on the basic physical properties 
of boson and fermion fields was demonstrated. The energy, mass, charge, and momentum of the interfering fields 
were calculated. The calculated particle energy Sq = (^o = (kp + Wq)^^^ equal to the Planck-Einstein energy of 
the particle, but is different from the value Eq = i^o + (l/2)wo of traditional quantum field theory. The positive 
energy-mass Eq = (kg + ttiq)^/^ of antiparticles in the present model is different from the negative energy-mass of the 
Dirac antiparticles, which is based on the Dirac interpretation of quantum interference and the particle (antiparticle) 
energy-mass Eq = ±(kQ -|-TOq)^/^. The calculated vacuum energy, in agreement with the Einstein and classical physics 
of the empty space, is equal to zero. The Copenhagen interpretation (philosophy) of the de Broglie wave associated 
with a particle as the wave of probability presents a more or less intuitively transparent background for the physical 
interpretation of quantum mechanics. In particle field theory, up to now, it is not completely clear how to interpret 
physically the wave (field) of operators. In the present model, the unit-wave associated with a boson or fermion 
particle, unlike the wave of probability or operators in quantum mechanics and particle field theory, is a real finite 
unit-wave (unit-field) of the boson or fermion matter, whose curvature (gradient) can be changed spatially and/or 
temporally. The physical mechanism behind the position-momentum and time-energy uncertainties is attributed to the 
increase of the spatial (V-0o) and/or temporal {dipo/dt) curvatures (gradients) of a real unit-field of the matter under 
the spatial or temporal localization of the unit-field by the interaction (interference) with the unit-fields (particles 
) of other microscopical or macroscopical objects. In order to account for the well-known discrepancies between 
measurements based on the mass of the visible matter in astronomy and cosmology and definitions of the energy 
(mass) made through dynamical or general relativistic means, the present model does not need in hypothesizing the 
existence of "dark" energy- mass. In the present model, the "dark" cosmological energy as well as the well-known 
spiral cosmological structures are associated with the cross-correlation energy of the moving cosmological objects. 
According to the present model, the Bell superluminal signaling [l^l (the Einstein-Podolsky-Rosen paradox) and the 
well-known superluminal plasma jets in astronomy, if they really propagate with velocities greater than the velocity 
of light, involve no physics incompatible with the theory of special relativity. The superluminar velocities and the 
superluminar "quantum leaps" of any kind are attributed rather to the physical properties of the unit-field like 
material mediums than the empty space (vacuum) of the Einstein special or general relativity. It has been also shown 
that the positive or negative gradient of the cross-correlation energy does mediate the attractive or repulsive forces, 
respectively. These forces could be attributed to all known classical and quantum fields (interactions), for instance, 
to the gravitational and Coulomb fields. In the present model, the physical mechanism behind the cross-correlation 
(interference), cross-correlation energy, interaction, Bose-Einstein statistics, Fermi-Dirac statistics and Pauli exclusion 
principle, is attributed to the repulsive and attractive forces associating with the additive and subtractive interference 
(cross-correlation) of the real unit-waves (bosons or fermions) of the matter. If the interference of unit-fields is neither 
pure constructive nor pure destructive (the interaction is not repulsive or attractive), then the respective statistics are 
different from the Fermi-Dirac or Bose-Einstein statistics. Such parastatistics could be associated, for instance, with 
the so-called fractional and braid statistics. Finally, the model showed a key role of the cross-correlation energy in 
several basic physical phenomena, such as Bose-Einstein condensation, super-radiation, Bosenova effect, superfluidity, 
superconductivity, supermagnetism, and quantum anomalous and fractional Hall effects. 

In the "modified" quantum mechanics and particle field theory, the mathematical cross- correlation ("hidden" in- 
terference) is associated with the pure mathematical approximations and/or artificial adjustments. Physically, the 
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"hidden" interference is interpreted as the inter-particle interaction and the interaction energy. The present model 
could be considered as a generalization of the "modified" quantum mechanics and particle field theory. The general- 
ization is provided by taking into account rather the direct interference between particles and the interference-induced 
energy than the "hidden" interference and the respective cross- correlation energy. The general properties of the forces 
mediated by the gradients of cross-correlation energy under the interference between particles (unit-fields) have been 
illustrated by the numerical solutions for the pairs of scalar boson unit-fields. One can easily follow the model for an 
arbitrary number of the boson or fcrmion unit-fields (for an example, for the particles or antiparticlcs of the Standard 
Model of Particle Physics) with the arbitrary values of the rest masses won, charges gon and spins son of the unit- 
fields, as well as for the composite fields composed from both the boson and fermion unit-fields. The concept of the 
interference between particles and the interference-induced energy may be easily extended to other quantum field the- 
ories. For instance, if one assumes that quantum particles are not zero-dimensional objects of the traditional quantum 
mechanics or particle field theory, but rather one-dimensional strings of the string theory that can move and vibrate, 
giving the observed particles the physical properties, the cross-correlation and the cross-correlation energy could be 
attributed to the interference of the vibrations in the overlapped strings. It should be stressed in this connection 
that the unit-fields of the present model are not the point particles or strings. The unit-fields have simultaneously 
the properties of the point particles, strings and 3-dimensional (in space) waves. A quasi-unified description of the 
classical and quantum fields and interactions, which does not include gravity, is currently possible only in terms of the 
gauge symmetry breaking in the Standard Model of Particle Physics (SM). The present study (Part I) has developed 
the theoretical background for unified description of the all-known classical and quantum fields and interactions. 
Furthermore, the background is provided in the extremely trivial (in comparison to SM) manner, namely in terms of 
the interference, cross-correlation and cross-correlation energy of the 3-dimensional unit-fields. The next study (Part 
II) unifies the all-known classical and quantum fields, particles and interactions (including gravitation) by using this 
theoretical background. The unification is performed by the direct generalization of the Einstein relativistic energy- 
mass relation = -|- for the interfering particles (bodies). The unit-fields have simultaneously the properties 
of the point particles and waves of quantum mechanics, the point particles of SM, the strings of theory of strings and 
the 3-dimensional waves of theory of classical fields. Therefore the unification of fields and interactions is considered 
as a generalization of the classical and quantum field theories, SM and string theory. 
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ENERGY MEDIATED BY INTERFERENCE OF PARTICLES: The Way to Unified 
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Part II. Unification of Classical and Quantum Fields and Interactions 
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A quasi-unified description of the classical and quantum fields, which define the electromagnetic, weak and strong 
interactions, but docs not include gravity, is currently possible only in the frame of the Standard Model of Particle 
Physics (SM) in terms of the gauge symmetry breaking. Part I of the present study has developed the theoretical 
background for unified description of the all-known classical and quantum fields in terms of the interference between 
particles and the respective cross-correlation energy, which do not exist from the point of view of quantum mechanics 
and SM. Part II uses this background for unification of the electromagnetic, weak, strong and gravitational fields 
and interactions. The unification is performed by generalization of the Einstein energy-mass relation e"^ = k"^ + 
for the interfering unit-fields associated with the interacting particles. The unit-fields obey the properties of point 
particles and waves of quantum mechanics, the point particles of SM, the strings of theories of strings and the 3-d 
waves of theories of classical fields. 



1. INTRODUCTION 

A quasi-unified description of the classical and quantum fields, which define the electromagnetic, weak, and strong 
interactions, but does not include gravity, is currently provided by the Standard Model of Particle Physics (SM) in 
terms of the gauge symmetry relations and the gauge symmetry breaking. SM is based on the three independent 
gauge interactions, symmetries and coupling constants, which do associate with the electromagnetic, weak and strong 
interactions of particles. There are several similar candidate models (so-called Grand Unified Theories) in which at 
high-energy, the three gauge interactions of SM are merged into one single interaction characterized by one larger 
gauge symmetry and thus one unified coupling constant. Some models, which exhibit similar properties, do not unify 
all interactions using one simple Lie group as the gauge symmetry, but do so using semi-simple groups or other 
super-symmetries. Grand Unified Theories are considered as an intermediate step towards the so-called a Theory of 
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Everything that would unify gravity with the electromagnetic, weak, and strong interactions. For an example, the 
String Theory is currently considered as a candidate for a Theory of Everything. For the detailed description of the 
aforementioned generally-accepted models and candidate theories see the canonical studies and traditional textbooks 
(for instance, |ll438{ and references therein), as well as any modern paper, review paper or textbook published in huge 
amount in the literature devoted to the quantum fields and interactions. 

Part I of the present study has developed the theoretical background for a unified description of the classical and 
quantum fields and interactions in terms of the interference between elementary particles (indivisible unit-fields) and 
the respective cross-correlation energy, which do not exist from the point of view of the canonical quantum mechanics, 
quantum field theories, SM and string theories. The Hamiltonians that describe the cross-correlation energy mediating 
by interference of the basic classical and quantum fields composed from the 3-dimensional (in space) unit-fields of 
matter have been derived by the generalization of the traditional Hamiltonians of the classical and quantum field 
theories for the superposition of interfering unit-fields associated with the interacting particles. It has been shown 
that the gradient of the cross-correlation energy induced by the interference between particles (unit-fields) mediates 
the attractive or repulsive forces, which could be attributed to all known classical and quantum fields (for details, 
see Part I) . Part II of the present study uses this theoretical background for unified description of the fundamental 
(electromagnetic, weak, strong and gravitational) fields and interactions. However, in contrast to Part I, the unification 
is performed rather by the generalization of the basic (energy-mass) relation of the Einstein special relativity than the 
traditional Hamiltonians of the classical and quantum field theories. The model unifies the all-known fields, particles 
and interactions by the straightforward generalization of the Einstein relativistic energy-mass relation = -I- rri^ 
for the interacting particles and bodies, which are composed from the interfering, indivisible unit-fields associated 
with the elementary particles. The unit-fields have simultaneously the properties of point particles and waves of 
quantum mechanics (particle- wave duality), the point particles of SM, the strings of theories of strings and the 3-d 
(in space) waves of theories of classical fields. Therefore the unification of the fundamental fields and interactions is 
considered as the further development and generalization of the canonical quantum mechanics, classical and quantum 
field theories, SM and string theories. 

Part II is organized as follows. Section 1 provides a brief introduction to the problem associated with the unification 
of classical and quantum fields and interactions. In order to make the unification of the fields, particles and interactions 
understandable to non-experts in the research field, the unification is performed in many philosophical, mathematical 
and physical details. The model concepts are reanalyzed in the mathematical context of each section. Section 2 
summarizes and briefly interprets the basic physical concepts of SM emphasizing the methodological and philosophical 
aspects of this model. Then these concepts are compared with the physical principles of the present model. Section 
3 presents a single elementary particle as a single unit-field. Unification of a single elementary particle and a single 
unit-field is performed by the generalization the Einstein energy-mass relation = k'^ -|- for the single unit- 
field. The interacting elementary particles of a multi-particle system and the interfering (cross-correlating) unit-fields 
are unified in Sec. 4. The unification is performed by generalization of the Einstein energy-mass relation for the 
interfering unit-fields associated with the interacting particles. Section 5 describes the internal structures [generators 
and associate components (AGs)] of a unit-field associated with fundamental (gravitational, electromagnetic, weak and 
strong) fields. The interference (interaction) of the structured unit-fields (elementary particles) having the arbitrary 
generators and the associate components is considered in Sec. 6. In order to make the general equations of Sec. 6 more 
transparent. Sec. 7 analysis the interference (interaction) of the unit-fields (particles) having the concrete generators 
and associate components of the unit-fields, namely the de Broglie generators and the total associate components 
containing the spherically symmetric Laplace- AGs and Helmholtz-AGs. Section 7 unifies the unit-fields corresponding 
to the experimentally observed particles obeying the different combinations of the gravitational, electromagnetic, 
weak and strong interactions. The results of unification of the all-known elementary particles and interactions are 
summarized in Sec. 8. 

2. BASIC CONCEPTS OF THE PRESENT MODEL VERSUS STANDARD MODEL 

The basic physical concepts (principles) of the present model of the unified fields, elementary particles and inter- 
actions are different from the Standard Model of Particle Physics. The standard model is usually interpreted as an 
extremely complicated model, which is based on the sophisticate gauge symmetry relations and the gauge symmetry 
breaking. In the present model, the unification of the all-known classical and quantum fields, particles and interactions 
is performed in the extremely simple and transparent manner, namely in terms of the interference between particles 
(unit-fields) and the respective cross-correlation energy, which do not exist from the point of view of SM. Before the 
unification of fields, particles and interactions let me summarize and briefly interpret the basic physical concepts of 
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SM emphasizing the methodological and philosophical aspects of this model [Sec. (2.1.)]. Then these concepts will 
be compared with the physical concepts of the present model [Sec. (2.2.)]. 

2.1. Basic concepts of Standard Model of Particle Physics 

The four known fundamental interactions of nature, all of which are non-contact forces, are electromagnetism, weak 
interaction, strong interaction and gravitation. The Standard Model provides a quasi- unified description of the classical 
and quantum fields, which define the electromagnetic, weak and strong interactions, but does not include gravity. SM 
is usually considered as the final outcome of quantum field theory combining the basic physical conceptions of canonical 
quantum mechanics with the special relativity [ll-22|. In the generally-accepted form, SM has been developed around 



1968 by Sheldon Glashow, Abdus Salam and Steven Weinberg (for instance, see the studies [23|-|30| and references 
therein). SM describes nature except gravity in terms of the fundamental fields, e.g., the fields for the respective 
elementary particles. The elementary particle of the respective fundamental (global) field, which is infinite in space, 
is associated with the field "quanta". An elementary particle (a quanta of energy-matter) of the fundamental field is 
assumed not to be made up of smaller particles. In other words an elementary particle does not has a substructure. 
The quarks, anti-quarks, leptons, anti-leptons and gauge bosons are elementary particles, the building blocks of the 
gravity-less matter in SM. All other particles are made from these elementary particles. Quarks (up, down, charm, 
strange, top, bottom) and Leptons (electron neutrino, electron, muon neutrino, muon, tau neutrino, tau) are fermions. 
The respective anti-quarks and anti-leptons are also fermions. Gauge bosons (photon, ly-boson, Z-boson, gluon, Higgs 
boson) naturally are bosons. The elementary particles are modeled in SM as point (0-D) particles, although some 
other theories posit a physical dimension. For instance, in the String Theory, particles are one-dimensional (1-D) 
strings that can move and vibrate, giving the physical properties to the elementary particles. 

In the conceptual picture of the SM fundamental interactions (interactive forces) , the gravitation- less matter consists 
of the aforementioned (0-D) point-like fermions, which carry properties of charges and intrinsic angular momentums 
(half-integer spins s — ±1/2). The interactive forces are the ways that the fermions interact with one another by 
means of the electromagnetic, weak-nuclear and strong-nuclear forces having the non-contact nature. Phenomenolog- 
ically (macroscopically), the forces acting upon a fermion particle are seen as action of the respective boson field that 
is present at the particle location. The electromagnetic, weak-nuclear and strong-nuclear forces are associated with 
electromagnetic, weak-nuclear and strong-nuclear fields. Microscopically, the electromagnetic, strong and weak inter- 
actions between fermions are described in terms of the mathematical approximation method known as perturbation 
theory. The point fermions separated by the vacuum attract or repel each other by the force mediating by the virtual 
exchange of the respective gauge point bosons through the vacuum. The bosons are the virtual particles because 
they are created and exist only in the exchange process. The exchange of bosons does transport momentum and 
energy between the fermions, thereby changing their momentum and energy. The interaction results into attracting 
or repelling fermions characterizing by the interactive force that has the absolute value and direction. The exchange 
can also carry a charge between the fermions, changing the charges of the fermions and turning them from one type of 
fermion to another. Finally, since bosons transport one unit of intrinsic angular momentum (spin s — ±1), the fermion 
spin can vary, for instance, from +1/2 to -1/2 under such an exchange. It should be stressed that the microscopic 
interpretation of the interactions using the mathematical approximations associated with the perturbation theory is 
rather pure mathematical interpretation than physical one. Moreover, such an interpretation does not adequately 
describe some physical phenomena. For an example, the perturbation-based model does not compare well with the 
Einstein theory of general relativity. Indeed, one can assume that the non-contact gravitational interaction between 
particles is provided by the Newton force, which is associated with the gravitational field mediated by the mass of 
interacting particles. Then there should be hypothetical gravitons, the supersymmetric partners of the gauge bosons 
of SM, that would carry the gravitational force in the perturbation approximation of gravitational interaction. In 
the Einstein general relativity, however, the gravitational interaction between two particles is not viewed as a force, 
but rather particles moving freely in gravitational fields travel under their own inertia in straight lines through curve 
space-time. Thus the force of gravity is considered as the result of the geometry of space-time. 

One can present also the slightly more detailed picture of the SM concepts associated with the fields, particles and 
interactions. In SM the electromagnetism and weak interaction are considered as two different aspects of the same 
force. The electromagnetism is the force (interaction) that acts between electrically charged fermions (quarks and 
leptons). The interaction acting between the fermions at rest is known as the electrostatic (Coulomb) force mediating 
by the electric field. The combined effect of electric forces acting between the fermions moving relative to each other 
is known as Lorentz's force inducing by the electric and magnetic fields. In the perturbation approximation of the 
electromagnetic interaction, the carriers of the electromagnetic force are the virtual photons (mass-less gauge bosons) 
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associated with the electric charge of quarks and leptons. In the frame of the Heisenbcrg energy uncertainty relation 
and the perturbation approximation, the long range of the electromagnetic interaction is attributed to absence of the 
rest mass of photons. The field strength of the electromagnetic interaction is adjusted in SM by the electromagnetic 
coupling constant. The elcctromagnctism is called the quantum electrodynamics. The weak interaction (weak nuclear 
force), which affects all known fermions (quarks and leptons), is considered as being caused by the simultaneous 
emission and absorption (virtual exchange) of the W and Z virtual gauge bosons (massive particles). The typical 
field strength of the week interaction, which is adjusted by the respective (electro-week) coupling constant, is several 
orders of magnitude less than that of both electromagnetism and the strong nuclear force. The short range of the 
weak interaction is attributed to the heaviness of W and Z bosons. In contrast to the other interactions, the weak 
interaction may change not only the energy, momentum and spin of fermions, but also the quark flavor from one of 
six to another. The weak interaction, which is left-right asymmetric, does conserve CPT, but violates CP symmetry. 
Although the electromagnetic and weak interactions (forces) appear very different at low energies, SM unifies the 
electromagnetism and weak interaction into a single electrowcak force above the unification energy (^ lOOGeV). 
Finally, the quantum chromodynamics (QCD) of SM describes the strong force (color force) between the fractionally 
charged quarks interacting by means of eight gluons (mass-less gauge bosons) associated with the color charges of 
quarks. The color force is about one hundred times stronger than electromagnetic force, which in turn is orders of 
magnitude stronger than the weak interaction and gravitation. The strong force is assumed to be mediated by gluons, 
acting upon quarks, antiquarks, and the gluons themselves. On the short distance, the strong force holds quarks and 
gluons together to form the proton, neutron and other particles. On the longer distance, the color force binds protons 
and neutrons together to form the nucleus. In such a case, the force is considered as the residuum of the strong 
interaction between the quarks that make up the protons and neutrons. The lines of force of the gluons interacting 
with each other at long distances collimate into strings. In this way, the mathematical formalism of QCD not only 
explains how quarks interact over short distances, but also the string-like behavior, which they manifest over longer 
distances. Finally, the still undiscovered Higgs boson of the hypothetical Higgs quantum field, which has a non-zero 
expectation value in empty space, gives rest mass to the all observed elementary particles, except the photon and 
gluon, without breaking the so-called gauge invariance of the mathematical formalism of SM. 

Mathematically, the electromagnetic, weak-nuclear and strong-nuclear fields and interactions (forces) are modeled in 
the frame of the Lagrangian or Hamiltonian formalism, which controls the dynamics of the three fundamental fields. 
Each kind of point-like particles is described in terms of the respective dynamical field which exists and evolutes 
according to the Euler-Lagrange or Hamiltonian-Jacobi equation of motion with the initial and boundary conditions 
imposed in the 4-D space-time. The most general renormalizable Lagrangian (Hamiltonian) of the fields is constructed 
by postulating a set of symmetries of the field-space-time system that satisfies the experimentally observed particle 
(field) content. Naturally, the fundamental fields must obey the experimentally observed global Poincare symmetry 
[Translations x 5*0^(1,3)], which consists of the ordinary translational symmetry, rotational symmetry and the 
inertial coordinate system invariance of Einstein's theory of special relativity. The local SU{3) x SU{2) x U{1) gauge 
symmetry is an internal symmetry constructed to provide the three experimentally observed fundamental interactions 
and the number and kind of elementary particles and anti-particles. The hypcrchargc U{1), weak isospin SU{2) 
and colour SU{,i) symmetries correspond to the electromagnetic, weak and strong interactions, respectively. These 
gauge symmetries obey the twelve flavors of elementary fermions, plus their corresponding antiparticles, as well as the 
four elementary gauge bosons that mediate the electromagnetic, strong and weak forces. SM contains the nineteen 
free (adjustable) parameters, including coupling constants of the fundamental interactions, whose numerical values 
are established experimentally. The observable quantities associated with a fundamental field of SM do not change 
under the respective transformation attributed to the symmetry of the Lagrangian, even though the transformed field 
configuration vary in space-time. All the changes of the field configuration mediated by the gauge transformation do 
cancel each other when written in terms of the observable quantities (energies, momentums, spins, charges, etc.). In 
other words, the different configurations of a fundamental field associated with the respective gauge symmetry (gauge 
invariance) of the field have identical observable quantities. The global Poincare symmetry [Translations x 50^(1, 3)] 
conserves energy, momentum and angular momentum. The local gauge symmetry [SU{3) x SU{2) x U{1)] conserves 
color charge, weak isospin, electric charge and weak hypercharge. Accidental symmetries (continuous U{1) global 
symmetries) conserve the barion, electron, muon and tau numbers. From the point of view of the symmetry formalism 
of SM, the mathematical nature of a gauge transformation, which is a transformation from one field configuration to 
another, determines the mathematical nature of the gauge boson. Physically, the existence of the electromagnetic, 
strong and weak interactions arises in SM from a type of gauge symmetry relating to the fact that all elementary 
particles of a given type are experimentally indistinguishable from each other. The quantum properties of the classical 
(non-quantum) fundamental fields of SM are explored mathematically by defining creation and annihilation quantum 
operators with the commutation relations imposed, which add and subtract particles. This is known as the second 
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quantization approach. The secondary quantization is performed by replacing the classical (non-quantum) spatially- 
infinite fields by the respective multimode field operators. 

Finally, one could mention some candidate models closely connecting with with the basic physical and mathematical 
concepts of SM. The current best models attempting to unify all fundamental particles and interactions of SM and 
gravitation call for the symmetries, known as super-symmetries, which are different from the U{1), SU{2) and SU{S) 
gauge symmetries. For instance, the Grand Unified Theories (GUTs) are proposals to show that the three fundamental 
interactions, other than gravity, arise from a single interaction characterized by one larger gauge symmetry with 
one unified coupling constant that breaks down at low energy levels to the three fundamental interactions with the 
respective coupling constants. GUTs predict relationships among the constants of nature, such as the electromagnetic, 
week and strong interaction constants, which are unrelated in SM. Some theories beyond SM look for a graviton to 
complete SM, while others, emphasize the possibility that the space-time itself may have quantum nature (in form 
of the so-called " atoms of space and time" ) and more than four dimensions. Theories of Everything try to integrate 
GUTs with quantum gravity theories, which include string theory, loop quantum gravity and twistor theory. Some of 
these theories include a hypothetical fifth fundamental force to explain the recently-discovered accelerating expansion 
of the universe, giving rise to a need of the possible modifications of the Einstein general relativity. The fifth 
fundamental force has also been suggested to explain phenomena such as CP violations, cosmological dark matter 
(energy-mass), and dark flow. In some supersymmetric theories, the new particles (moduli) acquire their masses 
through supersymmetry breaking effects mediating even more fundamental forces, which are different from the forces 
of SM and Einstein's gravitation. For the detailed description of the physical concepts and mathematical formulations 
of SM and candidate models see the canonical studies and traditional textbooks (for instance, [ll-[38| and references 
therein), as well as any paper, review paper or textbook published in the literature on the quantum fields and 
interactions. 



2.2. Critical analysis of basic concepts of Standard Model of Particle Physics 

The classical (non-quantum) and quantum fields of SM are modeled by using simultaneously the energy conservation 
law and the Dirac interpretation of quantum interference associated with the Copenhagen interpretation of quantum 
mechanics. According to Paul Dirac, under the quantum interference each particle interferes only with itself. In other 
words, the fundamental (global) spatially- infinite fields of the particles in SM do satisfy both the energy conservation 
law and the interference-less properties of particles. Part I of the present study pointed out that the phenomenon 
of redistribution of the field energy (intensity) by the interaction of quantum fields of SM is quit similar to the 
redistribution of the field energy (intensity) under the ordinary interference of classical fields. Therefore, the interaction 
of fields can be considered, at least formally, as the interference of fields. Under the Dirac quantum interference, 
however, the interference (cross-correlation) between two different particles never occurs. Thus the interaction of 
particles in SM is not attributed to the interference and the respective cross- correlation energy of classical (non- 
quantum) or quantum fields. This conceptual aspect of SM did not attract any critical attention of researchers due 
to the huge progress of the quantum physics, quantum field theory and SM based on the standard interpretation of 
quantum mechanics. It is clear now that the postulate of interference-less particles has played a key role in the method 
and direction of development of the all modern theories of fields, particles and interactions. The Dirac postulate is 
the common background of the canonical quantum mechanics, traditional quantum field theories and SM, which do 
provide adequate description almost of the all-known physical phenomena. 

Let me describe in more details how the the postulate of interference-less particles relates to SM. In agreement with 
the Dirac postulate based on the Copenhagen interpretation of quantum mechanics, the particles of SM have been 
modeled to be free from the interference (cross-correlation) with other particles. Therefore it was extremely difficult 
for physicists to find the mathematical method of the "legal" insertion of the interference between particles and 
the respective cross-correlation energy into SM. The mathematical cross-correlation ("hidden" interference) between 
particles and the respective cross-correlation energy have been automatically inserted into SM by using the different 
powerful mathematical approximations (see. Part I). The "hidden" interference, which very non-trivially contradicts 
the basic principles of canonical quantum mechanics and quantum field theory based on the Copenhagen (" probabilis- 
tic" ) interpretation of quantum mechanics and the Dirac postulate of interference-less particles, has been originally 
used in construction (" engineering" ) of models for successful explanations of the coherent quantum phenomena, such 
as the Bose-Einstein condensation, superffuidity, superconductivity, supermagnetism, super-radiation, Bosenova ef- 
fect, and quantum anomalous and fractional Hall effects. The "hidden" interference yielded the correct description 
of the particle interference (interaction), cross-correlation (interaction) energy, particle number, Bose-Einstein statis- 
tics, Fermi-Dirac correlations (statistics) and Pauli exclusion principle. Then the mathematical approach has been 
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successfully extended also to quantum field theories and SM. Thus the mathematical approach based on the "hidden 
interference" was generally accepted by the physical community. It is effectively used in quantum field theories and 
SM up to now as the most fundamental theoretical method. 

Although the "hidden interference" between particles and the respective cross-correlation energy are closely con- 
nected with the pure mathematical approximations, SM relies on a set of approximations specific to the particular 
physical problem. The "hidden interference" between particles and the respective cross-correlation energy have ap- 
peared in quantum mechanics, quantum field theories and SM already at the very beginning of consideration of the 
physical problems pertaining to the properties of quantum systems made of a large number of particles (many-body 
problem). The "hidden interference" (cross-correlation) between particles did appear in these theories in the form 
of the interaction (cross-correlation) energy describing by the mathematically constructed trial Hamiltonians. In SM 
the "hidden interference" (interaction) of the classical (non-quantum) fields is associated with the interaction energy 
of the fields describing by the trial non-quantum field Hamiltonian. Then the quantum properties of classical funda- 
mental fields of SM are explored mathematically by defining creation (a^) and annihilation (a) quantum operators 
with the commutation relations imposed, which add and subtract particles. This is the second quantization approach. 
Mathematically, the secondary quantization is performed by replacing the spatially-infinite classical fields ^ and ^* 
by the respective multimode field operators ^ and . The hidden inter-particle interference and the respective inter- 
action energy are provided in SM by the trial cross-correlating operators (pure mathematical objects) with the trial 
(canonical and/or Bogoliubov) commutator relations for the particles and antiparticles, namely the experimentally 
observable bosons and fermions and the virtual (rmobservable) gauge bosons associated with the gauge fields and 
the gauge symmetry breaking. In other words, the "hidden interference" between particles and the respective cross- 
correlation energy associated with the quantum fields are mediated by the cross-correlation between the operators in 
the interaction integrals of the trial Hamiltonian field-operator of SM. The trial artificially-constructed field Hamilto- 
nians and the respective Hamiltonian operators of SM are invariant under the U{1) local gauge transformation given 
rise to the very particular mathematical cross-correlation ("hidden interference") and the respective energy, which 
do not depend on the particle phases. Although SM is usually considered to be the unique and correct outcome 
of combining the rules of quantum mechanics with special relativity, it seems that SM contradicts at least formally 
to the Copenhagen-Dirac basic physical principle [a particle interferes (correlates) only with itself] of the canonical 
quantum mechanics and particle field theory. In other words, the interpretations of SM are based on interpretations 
of the mathematical approximations, which do not compare well with the basic postulate of the modern quantum 
physics, namely the Copenhagen-Dirac postulate of the interference-less particles associated with the Copenhagen 
interpretation of quantum mechanics. 

It could be also mentioned that the Copenhagen interpretation (philosophy) of the de Broglie wave using the pure 
mathematical object (probability) did not solve really the problem of physical interpretation of quantum mechanics. 
In any physical interpretation, the probability or the wave of probability would be rather a pure mathematical object 
than a real physical matter. Unfortunately, both the Schrodinger interpretation of the de Broglie wave using arguments 
of classical wave-theories and the Einstein determinism of classical physics over the Copenhagen probabilistic quantum 
physics have been rejected by the physical community. Note in this connection that the Klein-Gordon-Fock and Dirac 
relativistic equations in the modern generally-accepted interpretation describe the global infinite fields of particles, 
while they have been originally formulated and interpreted by the authors as a single-particle equations analogous to 
the Schrodinger equation. In SM, up to now, it is not completely clear how to interpret physically the field (wave) of 
operators. Naturally, an operator is rather a pure mathematical object than a real physical matter. For more details 
of the above-mentioned methodological and philosophical problems, see Part I. 

2.3. Bcisic concepts of the present model of the unified fields, peirticles and interactions 

The basic physical concepts (principles) of the present model, which do associate with the unified fields, particles 
and interactions, are different from the Standard Model of Particle Physics. However, the present model does not use 
the extra dimensions of space-time, the fifth (dark) fundamental energy-mass and force or other hypothetical objects 
of the modern candidate models and Grand Unified Theories. Part II of the present study deals with the Einstein 
special relativity and quantum mechanics unified by using the concepts that have been introduced and developed in 
Part I. Let me now summarize and briefly interpret these concepts emphasizing their methodological and philosophical 
aspects in the context of the above-described conceptual picture of SM. 

The most basic concept of the present model is extremely simple and transparent. The concept is based on the 
well-known law of physics, namely the interference phenomenon. In contrast to the field structure of SM, which 
deals with the interference-less (each particle interferes only with itself), spatially-infinite fundamental fields of the 
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operators or probability, the present model suggests existence of an arbitrary number of the interfering, spaiially-finite 
fundamental fields (beams) of the matter (mass-energy). The finite fields ijjn{Y,t) of the fundamental kind may in- 
terfere (cross-correlate) with each other and/or with the finite fields of another fundamental kind. The fundamental 
spatially- finite fields ?/'„(r,t) are composed from the respective indivisible unit-fields tpQn{r,t) of the mass-energy, 
ipn{Y,t) = V'on(r, i)- A real, spatially-finite unit-field (unit-wave) ipQn{T^,t), which does associate with the re- 

spective elementary particle (matter) and its mass-energy, is not the wave of probability of quantum mechanics or 
the field (wave) of operators in SM. fn other words, the unit-field is not explained as a point particle or a wave of 
quantum mechanics (particle-wave dualism) or a point particle of SM. The unit-field has simultaneously the properties 
of a point particle and wave of quantum mechanics, the point particle of SM and the 3-d (in space) wave of theory 
of classical fields. An indivisible unit-field may exist in the infinite number of configurations. The exact form, and 
dynamics of the indivisible unit-field ^/'on(r, i), which depends on the experimental conditions, is determined by the 
field Lagrangian (Hamiltonian) and the Euler- Lagrange equation of motion with the initial and boundary conditions 
imposed. In SM, up to now, it is not completely clear how to interpret physically the field (wave) of operators. An 
operator is rather a pure mathematical object than a real physical matter. In the present model, the devision of 
the "non-quantum" field of the matter (mass-energy) into the indivisible "non-quantum" unit-fields ■^on of the 
mass-energy, in fact, is the secondary quantization of the field without the use of the fields (waves) of operators or 
probabilities. 

The interference between unit-fields (particles) could affect many basic physical properties of the particles. Under 

the quantum interference each particle of the canonical quantum mechanics can interfere only with itself. In the 
present model, unlike in the Dirac quantum interference, the particles (unit-fields) may interfere (interact) also with 
each other. Thus the attractive or repulsive forces associated with interaction of the particles are attributed to the 
interference (cross- correlaiion) of the interfering (interacting) unit-fields. In other words, the positive or negative 
gradient of the field cross-correlation energy does induce the attractive or repulsive forces that redistribute the field 
energy (intensity). For both the classical and quantum fields, the two-times increase of the wave amplitude does 
increase the wave energy in four times and the wave with zero amplitude has zero energy In the frame of such an 
approach, the quantum and classical descriptions are in agreement for an arbitrary number of particles (unit- fields) . It 
should be stressed that the physical system of the interfering (interacting) fields includes not only the interfering fields, 
but also the environment (material boundaries or other fields) that could provide the pure constructive or destructive 
interference. In other words, the unit-fields (particles) do interfere and interact not only with each other, but also 
with the environment. Although the field energy is changed under the pure constructive or destructive interference of 
fields, the total energy of the physical system is conserved. The pure additive or subtractive interference is provided 
by the " additional" energy, which should be added or subtracted from the total physical system before the interference 
of fields (particles) with each other. In such a case, the physical system of the interfering (interacting) fields does 
not obey the shift symmetry of time. The energy conservation of the total physical system is provided rather by 
the exchange of the field energy with the environment than by the shift symmetry of time and the Dirac quantum 
interference associated with interference-less particles. The interaction (cross-correlation) energy is attributed in 
the present model to the gradient of cross-correlation energy mediating by the interference between the particles 
(unit-fields) of the matter. Consequently, the physical mechanism behind the particle number, cross-correlation 
(interference), cross-correlation energy, interference (interaction), Bose-Einstein statistics, Fermi-Dirac statistics and 
Pauli exclusion principle is associated with the repulsive and attractive forces mediating by the additive and subtractive 
interference (cross- correlation) of the unit-waves (bosons or fermions) of the matter. This mechanism plays a key 
role in the basic coherent quantum phenomena, such as Bose-Einstein condensation, super-radiation, Bosenova effect, 
superfluidity, superconductivity, supermagnetism, and quantum anomalous and fractional Hall effects. For more 
details and explanations, see Part I. 

In the standard model of fields, particles and interactions, the mathematical cross-correlation ("hidden" interfer- 
ence) is associated with the pure mathematical approximations. Physically, the "hidden" interference is interpreted 
as the inter-particle interaction and the interaction energy. In the present model of the unified fields, particles and 
interactions, which could be considered as a generalization of SM, the unification is performed by taking into ac- 
count rather the interference-induced energy mediated by the real interference between particles than the "hidden" 
interference and the respective cross-correlation (interaction) energy. In Part I, the Hamiltonians that describe the 
cross-correlation energy mediating by interference of the basic classical and quantum fields composed from the 3- 
dimensional (in space) unit-fields of matter have been derived by the generalization of the traditional Hamiltonians 
of the classical and quantum field theories for the superposition of the interacting particles (interfering unit- fields). 
Part II uses this background for unification of the electromagnetic, weak, strong and gravitational fields, particles 
and interactions. However, in contrast to Part I, the unification is performed rather by the generalization of the basic 
(mass-energy) relation of the Einstein relativity than the traditional Hamiltonians of quantum field theory. The model 
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unifies the all-known fields, particles and interactions by the straightforward generalization of the Einstein relativistic 
energy-mass relation = +m'^ for the interfering (interacting) particles and bodies composed from the interfering 
unit-fields. The unit-fields obey simultaneously the properties of point particles and waves of quantum mechanics 
(particle- wave duality), the point particles of SM, the strings of theories of strings and the 3-dimensional (in space) 
waves of theories of classical fields. Therefore the unification of the electromagnetic, weak, strong and gravitational 
fields and interactions could be considered not only as the generalization of SM, but also as the further development 
and unification of the quantum mechanics, classical and quantum field theories, SM and string theories. In order 
to make the unification understandable to the non-experts in classical and quantum fields, the following analysis is 
performed in many philosophical, physical and mathematical details. 

3. UNIFICATION OF A SINGLE ELEMENTARY PARTICLE AND A SINGLE UNIT-FIELD: A SINGLE 

PARTICLE (iV = 1) 

According to the basic physical concept of the present model, the fundamental fields i^{r,t) = X]^=i V'On(r, i) 
are composed from the interfering, indivisible unit- fields V'On(r,i) of the mass-energy associated with the elementary 
particles. The unification of the fundamental (electromagnetic, weak, strong and gravitational) fields, particles and 
interactions in the model is based on the generalization of the famous energy- mass relation = -|-m^ of the Einstein 
special relativity to the case of the interacting particles and bodies composed from the interfering (cross-correlating) 
unit-fields. Section 3 begins the unification with the generalization of the Einstein energy-mass relation for the unit- 
field '00 associated with a single (N—1) elementary particle, which is free from interactions with other particles. The 
generalized mass-energy relation then yields the equation of motion for the unit-field. The exact form (configuration) 
and dynamics of the single unit-field (elementary particle) is determined by the equation of motion with the initial 
and boundary conditions imposed. The generalization, in fact, is simply the unification of the Einstein relativity of a 
point-like particle and the quantum mechanics of a wave-like (de Broglie) particle. Mathematically, the generalization 
of the Einstein energy-mass relation is performed by using the second or first derivatives of a unit-field, since these 
two approaches are equivalent in the case of the de Broglie wave (unit-field) associated with a free particle. For the 
sake of generality, the model is presented also in the alternative form by using the unit-field Lagrangian (Hamiltonian) 
that corresponds to the generalized energy- mass relation for the unit- field ■i/'Q. In such a case, the model is formulated 
in the frame of the Lagrangian formalism, where the configuration and dynamics of the single unit-field is determined 
by the field Lagrangian and the Euler-Lagrange equation of motion with the initial and boundary conditions imposed. 

3.1. The energy-mass relation and equation of motion for a free unit-field associated with a free particle 



1. The model Ist-version based on the straightforward generalization of the Einstein energy-mass relation for a free 
unit-field by using the 2nd derivatives 

The basic relation of Einstein's relativity for a single, point-like particle, which is free from interactions with other 
particles, is given by 



where Eq, ko and tuq are respectively the energy, momentum and mass of the particle. The straightforward general- 
ization of the Einstein relativistic energy- mass relation (|183|) . which is associated with a free point-particle located in 
the space-time point (r,i), to the case of the free spatially- extended unit-field ip(){r,t) occupying the finite or infinite 
volume V is based on the use of the canonical approach of quantum mechanics. The replacement of the classical en- 
ergy, momentum and mass of the point particle in Eq. (|183l) by the respective quantum mechanical values associated 
with the operators of energy (e = ^), momentum (k = V) and mass (m = m) of the unit-field is performed by using 
the well-known particular unit-field configuration ■0o(r, i), namely the de Broglie wave 



3.1.1. The model based on the 2nd derivatives of a free umt-field 
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associated with the free particle. This simple procedure yields the generalized relativistic energy-mass relation 

I y^o {-i'o - V'Vo + m^Vo) d^x (185) 



for the free unit-field, where the quantities 



"^0 = 1^0 (»7^oV'o) d^x, (186) 
Jv 

kg = / ^0 (-V^o) d'x, (187) 

ro (-i^o) d^x (188) 
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^l + ml^ I ro {-y^i'o + ml^o) d'^x (189) 



V 



provide the Einstein relativistic energy-mass relation (|183l) . Notice, the unit-field (|184p is normalized as Jy4>oipod^x = 
1. Comparison of the right-hand sides of Eq. (|188l) and Eq. (|189p and the use of the conventional notations 
□ = -Mpz — and ^pji = 'ipo yield the relativistic equation of motion 



□V'o + "^o^o (190) 



for the free unit-field. Notice, the generalized relativistic energy-mass relation (jl85p and the respective equation of 
motion (I190p do use the second derivatives of the free unit-field. The equivalent relativistic energy-mass relation 
and equation of motion, which are based on the first derivatives of the free unit-field, are presented in Sec. (3.1.2.). 
Although Eqs. (|185l) and (|190l) have been derived by using the particular unit-field configuration [de Broglie wave 
P84p ]. the present model assumes that Eq. (|190p does determine the unit- field configuration associated with any 
relativistic or non-relativistic free elementary particle that satisfies the Einstein energy-mass relation (I183p . In other 
words, the generalized energy-mass relation (I185P for a free unit-field determining by the equation of motion (jl90p 
with the initial and boundary conditions imposed is valid for the all-known free elementary particles. The value of the 
Einstein energy-mass given by Eq. (I183P for a free point-particle is equal to the generalized energy-mass determining 
by Eq. (|185p for the free unit-field (unit-wave) associated with this particle. Notice, Eq. (|190l) is indistinguishable 
from the Klein-Gordon-Fock equation of the relativistic quantum field theory. The Klein-Gordon-Fock equation, 
however, describes the global infinite field of particles, while Eq. (|190p is formulated as a single-particle relativistic 
equation similar to the Schrodinger equation for the unit-field of the matter (mass-energy) associated with a free 
non-relativistic particle. In other words, Eq (jl90p with the initial and boundary conditions imposed describe both 
the unit-field configuration and its dynamics. 

In the case of a non-relativistic particle (k^ << ttiq), Eqs. (|183l) - p90p may be simplified. The Einstein energy-mass 
relation (|183p is simplified to the form 

eo^-^ + mo, (191) 

which is similar to the energy-mass relation e = of the Newton mechanics if the particle energy e is defined as 
e ~ Sq — niQ. The replacement of the classical energy, momentum and mass of the point particle in Eq. (I19ip by the 
respective quantum mechanical values of the de Broglie wave (|T84| yields the non-relativistic energy-mass relation 
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and 



^+mo= [ % f-TT^V^V-o + moVo) d^'x. (194) 
2too Jv \ 2mo / 

The equation of non-relativistic motion 

= -TT^V^V'o + moipo (195) 

is obtained by comparison of the right-hand sides of Eq. (|193p and Eq. (|194l) . In the case of the stationary unit- field 
■00(1", i) = ipo{r)e^'^^°'^ , Eq. (I195P may be written as the Schrodinger stationary equation 

eV'o = -:r^VVo (196) 
2mo 

of the non-relativistic quantum mechanics of a free particle by using the aforementioned definition e = Eq — mo- It 
should be stressed that Eqs. (|183l) - (|190p are valid for both the relativistic and non-relativistic particles, while the 
approximations (I19ip - (I196P describe only the non-relativistic particle. Also note that replacement of the unit-field 
([TMl) by the unit-field ?Ao(r,i) = \/-i/2g-i(kor-eot) (jogg ^ot modify the relativistic equations ([TO5|) - ([TMl) . while the 
replacement does change the sign of the non-relativistic energy (|193p from (-I-) to (— ). 

The equation of motion (I190p describes the configuration and dynamics of the free unit-field tpo associated with a 
single elementary particle that is free from interactions with other particles. In other words, the unit-field configuration 
■00 and the energy Sq of a free particle determining by Eqs. (|183p - (|190p do not depend on the particle spin and 
charge. The different configurations "00 of a single unit-field corresponding to the different solutions of Eq. U9(j\) with 
the initial and boundary conditions imposed could be attributed to the different momentums ko of a single elementary 
particle having the rest-mass mg. The dynamical configuration -00 corresponding to a solution of Eq. (jl90p for a single 
unit-field with the rest mass mo 7^ could be considered as the configuration describing the dynamics of a massive 
particle. The unit-field configuration 0o determining by the equation 

□00 = (197) 

describes dynamics of a mass-less (mo = 0) particle, which has the energy squared given by 

el = \ J^ro (-^ - V20o) d^x. (198) 

Notice, Eqs. (|183l) - (I190p are valid for both the massive and mass-less particles, while the non-relativistic approxi- 
mations (I19ip - p96p do not have any physical meaning in the case of mo — 0. 



2. The model 2nd-version based on the generalization of the Einstein energy-mass relation for a free unit-field by 
using the Euler- Lagrange formalism and the 2nd derivatives 

Mathematically, the standard model of particle physics is formulated in the frame of the Lagrangian or Hamiltonian 
formalism. Each kind of point-like particles is described in terms of the respective dynamical field which exists and 
evolutes according to the Euler-Lagrange or Hamiltonian- Jacobi equation of motion with the initial and boundary 
conditions imposed. The Lagrangian (Hamiltonian) of the field is constructed by postulating a set of symmetries of 
the field-space-time system. For instance, the fundamental fields must obey the inertial coordinate system invariance 
of the Einstein theory of special relativity. The above-presented model is based on the straightforward generalization 
of the relativistic energy-mass relation of the Einstein theory. The model can be reformulated by using the Lagrangian 
formalism, where the configuration of a free unit-field (elementary particle) and its dynamics are determined by the 
unit-field Lagrangian and the Euler-Lagrange equation of motion with the initial and boundary conditions imposed. 
One can easily demonstrate that the unit-field Lagrangian corresponding to the generalized relativistic energy-mass 
relation (|185p is given by 

J^ro {i'o - VVo + mlijo) d^x, (199) 

where the unit-field is normalized as 



/ ipgipod^x = 1. 
Jv 



(200) 
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Equation (|199l) can be written as 

L = / Cd^x, (201) 

V 



where 



= ('Ao - V Vo + mgV^o) (202) 



denotes the Lagrangian density, which may be presented as 

'C= ^V'o(5M3'^V'o+™gV'o) (203) 

using the conventional notations d^d^ = ^ — V . It could be noted that the unit-field -00 associated with the particle 
may be considered also in the frame of the Hamiltonian formalism. In such a case, the Hamiltonian corresponding to 
the Lagrangian (I199P has the form 



H = / Hd-'x, (204) 

where 



V 



= ^i/'o(-'Ao-VVo + m20o). (205) 
is the Hamiltonian density. In contrast to Part I, whose theoretical background uses the energy definition 

e = H (206) 
of the canonical quantum field theory, the square of energy ()185p is now given by another definition: 



\ I ^0* (-V^o - V^Vo + ml^o) d?x. (207) 



Notice, for the unit-field normalized by Eq. (|200l) . the energy squared (|207|) is indistinguishable from the value (|185p . 
In the frame of the Lagrange formalism, the configuration and dynamics of the unit-field V'o is determined by the 
Euler-Lagrange equation 



5C , 5C 

On 



= (208) 



with the initial and boundary conditions imposed. Notice, the volume V of the unit-fields determining by the unit-field 
boundaries, in contrast to the infinite fields of SM, may be finite or infinite. For the Lagrangian density (|203p . Eq. 
()208p yields the Euler-Lagrange relativistic equation 

□Vo + TOo^o = 0, (209) 

which is indistinguishable from Eq. (|190p . 

In the case of a non-relativistic unit-field, the Lagrangian that corresponds to Eq. (1192^ is given by 

L = \ I {-ii'a - TT^VVo + TOoV-o ) (f'x, (210) 



2Jv"\ 2mo 
where 

= \ro (^-#0 - ^^Vo + TOoV-o) (211) 

denotes the Lagrangian density. The unit-field Hamiltonian H corresponding to the Lagrangian (|208p has the form 
(|204l) . where the Hamiltonian density is given by 

^ = \ro [ii^o - ^^'^0 + ^oV-o) . (212) 
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Correspondingly, the non-relativistic energy e of the unit-field is determined by the expression 

which is indistinguishable from the energy (|192p for the unit- field normalized by Eq. (|20ip . For the Lagrangian 
density (|21ip , the Euler-Lagrange equation (|208l) yields the equation 

iV'o = -TT^VVo + TOoV'o, (214) 
2mo 

which is indistinguishable from Eq. (|195p . Notice, Eq. (|199p - Eq. (|214p do use the normalization (j200p . The normal- 
ization gives rise to the probabilistic (canonical) interpretation of the unit-field -00 in Eq. (j214p . where the unit- field 
"00(1", i) can be reinterpreted according to the Copenhagen philosophy of quantum mechanics of point particles. The 
Copenhagen interpretation of the value p{r,t) = ip* {r,t)'ip{r,t) as the probability density, however, can lead to the 
well-known philosophical and physical problems associated, for instance, with the wave-particle duality and the nega- 
tive probability density. In the case of the stationary unit-field, Eq. (|214p is equivalent to the Schrodinger stationary 
equation ([196]) for the Copenhagen wave of probability determining by the wave-function of a free elementary particle. 



3.1.2. The model based on the 1st derivatives of a free unit- field 



1. The model 3-rd version based on the straightforward generalization of the Einstein energy-mass relation for a 
free unit- field by using the 1st derivatives 

The unit-field model presented in Sec. (3.1.1.) is based on the use of the second derivatives of a unit-field. 
Equations p85)) - ^90]) and p92)) - ((2T4l) . have been derived by using Eqs. (fT86)) . (fT87)) and (fT88l) for the squares of 
mass, momentum and energy of the de Broglie wave (unit-field). Here, I present the alternative, equivalent formulation 
of the model, where Eqs. ()186p . ()187p and (|188p are replaced respectively by 

ml^ ml^iPod^x, (215) 
Jv 



ko = / (V7/;*)(VV'o)d':c (216) 
Jv 

and 

{%) (V^o) d'x, (217) 



el 



the unit-field is normalized as Jyip^ipod^x = 1. The use of Eqs. (|216p and (|217p . which are based on the first 
derivatives of a unit-field, yields the generalized relativistic energy-mass relation 

^l = \j^ (^5V^o + VtZ-^VtZ-o + ml^l4,o) d^x. (218) 

Notice, the energy squared (I218P is different from the values (|185p and (|207p . The value (|218p is equal to the values 
(jlSSp and (|207p only in the very particular case, when the unit- field -00 has the de Broglie configuration (|184p . The 
equation of motion corresponding to Eq. ()218p is given by the expression 

1/^500 = Vi^^Vi^o + TO^VSV'o, (219) 

which is more complicate than Eqs. (|190l) and (|209p . 

In the case of a non-relativistic unit- field (particle), the non-relativistic energy corresponding to Eq. (|19ip is 
determined by the relation 

^°^IJ (*'^o'^° + 2^^"^°^"^° "ioV'S'/'oJ d^x, (220) 
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which is different from the values (|192[) and (|213p . The energy (|220p is equal to the values (I192p and (|213l) only when 
the unit- field ■00 has the de Broglie configuration (|184l) . The equation of motion corresponding to Eq. (I220p is given 
by the formula 

iipoi'Q ^ ^^^oVV-o + moVSV'o, (221) 

which is different from Eq. (|195p and (|214p . 

2. The model 4th-version based on the generalization of the Einstein energy-mass relation for a free unit-field by 
using the Euler- Lagrange formalism and the 1st derivatives 

The unit-field Lagrangian that corresponds to the energy-mass relation (|218p with the unit-field normalization (|200p 
is given by 



L 

where 

C 



I (V^o^o - VV'oV^o - m^V^oVo) rf'a;, (222) 



i (V^SV^o - V7/;*V0o - mlr^^o) (223) 



2 

denotes the Lagrangian density, which may be presented in the covariant form as 

1 
2 



C^-{^^%^^^^o-ml^Po) (224) 



The unit-field Hamiltonian H corresponding to the Lagrangian (|222l) has the form (|204l) . where the Hamiltonian 
density is given by 

^ = \ (V^*V^o + VV'^ VV'o + mlr^^o) ■ (225) 
Thus the square of energy is given by the expression 

el = H=^J^ (^o*V^o + VVSV^o + mlro^o) d^x, (226) 

If the unit- field normalized by Eq. (I200p . then the energy squared (|226p is indistinguishable from the value (|218p . For 
the Lagrangian density (I224p the Euler-Lagrange equation (|208p yields the equation 

□V'o + "loV-o = 0, (227) 

which is indistinguishable from Eqs. (|190p and (|209p . but is different from the more complicated equation (|219p . 
Notice, the equations of motions (|190p . (|209p and (|219p describe the configuration and dynamics of the unit- field 
ipo associated with a massive elementary particle having the rest-mass mo 0. The unit- field configuration ipo 
determining by the equation 

□tAo = (228) 
describes dynamics of a mass-less (toq — 0) particle, with the energy squared given by 

£l^H=l f U*i;o + Vi/'SVVo) d^x. (229) 



In the case of a non-relativistic unit-field, the Lagrangian that corresponds to Eq. (|19ip is given by 



where 



^=1 (^oV-o - ^^^o*VVo - moro^o ] (231) 
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denotes the Lagrangian density, which was derived by using the first derivatives of the unit-field. The unit-field 
Hamiltonian H corresponding to the Lagrangian (I230p has the form (|204[) . where the Hamiltonian density is given by 

^ = ^ (^V'oVo + 2^V^o*V^o + moVSV-o) ■ (232) 

Correspondingly, the non-relativistic energy e of the unit-field is determined as 

£o^H = ^J^ (^i^^i^o + 2^^V'SVV'o + moV'S^o) d^x. (233) 

In the case of the unit-field normalized by Eq. (|200p . the energy squared (j233p is indistinguishable from the value 
(I218P . For the Lagrangian density (|23ip , the Euler-Lagrange equation (I208P yields the expression 

#0 = -iT^VVo + mo^jQ, (234) 

ZlTlQ 

which is indistinguishable from Eqs. (|195p and (|214p . Notice, Eqs. (|215p - (|226p are valid for both the massive and 
mass-less particles, while the non-relativistic approximations (j230p - (|234p do not have any physical meaning in the 
case of mo = 0. It should be stressed that Eqs. (|222p - (|234l) do use the normalization (j200l) that gives rise to the 
probabilistic (canonical) interpretation of the unit-field ipo in Eqs. (j227p and (I234p as the wave-function of a free 
elementary particle associated with the Copenhagen wave of probability. That means that the non-relativistic unit- 
field could be interpreted as the Schrodinger wave-function associated with the non-relativistic wave of probability. 



3.2. Physical properties of the single particle based on the generalized energy-mass relation for the single 

unit-field 



Physical properties of the above-described free unit-field (particle) are summarized and interpreted as follows. 
The generalized Einstein energy-mass relations (|185p and (|218p and the respective equations of motion (|190p and 
(|227p have been derived by using the de Broglie wave (|184p . which is the particular configuration of a free unit- field 
associated with an elementary particle. The present model assumes that the energy-mass relations (|185p and (|218p 
with the respective equations of motion (|190p and (j227l) do determine the unit-field configuration of any relativistic 
or non-relativistic free elementary particle that satisfies the Einstein energy-mass relation (jl83p . In other words, the 
generalized energy-mass relations (|185p and (j218l) for the free unit-field determining by the equations of motion (|190p 
and (j227l) with the initial and boundary conditions imposed are valid for the all-known free elementary particles. 
There is no difference between the values of the Einstein energy-mass determining by Eq. (|183l) of a free point 
particle and the generalized energy-mass given by Eqs. (|185p and (|218l) for the free unit-field associated with this 
particle. Equations (|190p and ()227p look like the Klein-Gordon-Fock equations of the relativistic quantum field theory. 
However, in contrast to the Klein-Gordon-Fock equation describing the global infinite field of particles, Eqs. (|190p 
and (|227p are formulated and interpreted as a single-particle relativistic equation similar to the Schrodinger equation 
for the de Broglie wave of the matter associated with a non-relativistic particle. 

The equations of motion (|190p and (|227p describe the configuration and dynamics of the free unit-field -00 that 
determine the physical properties of a single elementary particle that is free from interactions with other particles. 
The unit-field configuration ■00 and the energy eg of a free particle determining by Eqs. (I183P - (I214p or Eqs. (|215p 
- (|234p do not depend on the spin and charge of the particle. The kind (type) of a free particle and the respective 
unit-field configuration are determined in Eqs. (|183l) - (I234p solely by the particle rest-mass ruQ. The free particles 
(unit-fields) could be distinguished from each other by the particle rest-mass too. In other words, the particles 
(unit-fields) having the different rest-masses could be considered as different particles (unit-fields). For instance, the 
dynamical configuration ipo corresponding to a solution of Eq. (|190p or (j227p for a single unit-field with the rest 
mass Too 7^ could be considered as the configuration describing the dynamics of a massive particle. The unit-field 
configuration ^po determining by the equation (|197l) or (|228p describes dynamics of the mass-less (toq = 0) particle. 
For the given rest- mass toq, Eqs. (|190l) and (|227p with the initial and boundary conditions imposed describe not only 
the unit-field configuration and the kind of a free particle, but also its dynamics. The different configurations ipa of 
a single unit-field corresponding to the different solutions of Eq. (|190p or ()227p could be attributed to the different 
momentums ko of a single elementary particle having the rest-mass too. Although the unit-field ipo describing by 
Eqs. p83p - (|214p or Eqs. (|215p - (|234p is material one, it is not measurable quantity. The experimentally observable 
quantities are the rest mass too and/or energy Eq of the unit-field (particle). These quantities control the unit- filed 
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configuration and its dynamics and vice versa. For an example, the "annihilation" of the rest- mas mo 7^ in the 
energy-mass relations (|185p and (j218|) and the respective equations of motion (I190p and (I227P , yields the change of the 
unit-field configuration and the kind of a particle. The annihilation yields the new (mass-less) unit-field configuration 
corresponding to the new (mass-less) particle, which is determined by the energy-mass relation (|198l) or (|229|) and the 
respective equation of motion (|197p or (|228p . According to the energy conservation law the unit-field energy can be 
converted from one form to another, but it cannot be created or destroyed. Therefore the energy of the new (mass- 
less) unit-field determining by Eq. (|198p or (I229P must be equal respectively to the energy of the annihilated massive 
unit-field given by Eq. (fT85| or (|2T8l) . It should be mentioned that the relativistic equations (fTSS]) - (fT90|) . ([T97| - 
P09|) . ()215p - pi9p and ()222p - p29p arc valid for both the massive and mass- less particles, while the non-relativistic 
approximations (fT9T1) - (fT96l) . ([210]) - ([2T4l) . ([2201) > pST]) . (|230l) - ([234]) do not have any physical meaning in the case 
of mo = 0. In other words, the non-relativistic equations could not describe the creation of a mass-less (mo = 0) 
particle under the annihilation of a massive (mo 7^ 0) particle (unit-field) . 

From a point of view of the energy, a point particle and the unit-wave associated with this particle are equivalent 
(indistinguishable) objects. Indeed, the relativistic particle satisfies simultaneously the relativistic energy-mass rela- 
tion ()183p for a point particle of Einstein's special relativity and the generalized (equivalent) relativistic energy-mass 
relation (|185p or (|218p for the unit-wave associated with this particle. In addition, the non-relativistic energy (|19ip 
of a point particle of the Einstein non-relativistic theory (Newton mechanics) is equal to the non-relativistic energy 
(|192l) or (|233[) of the non-relativistic unit-wave. The equality of energies of the point particle and the unit-wave could 
be considered as the particle-wave duality similar to the particle-wave duality in the Schrodinger (non-relativistic) 
quantum mechanics of the de Broglie wave associated with a free particle. The formulation of the present model in the 
frame of the Lagrangian-Hamiltonian formalism with the normalization ()200p gives rise to the probabilistic (quantum 
mechanical) interpretation of the unit-field (wave) -i/jo. However, in contrast to the quantum-mechanical wave-function 
■0o(r, i) of a point particle located in the spatiotemporal point (r, t) with the probability density V'o('"j O'0o(r! 0; the 
material unit- field '00 (r, t) associated with the particle mass-energy does really exist in the each spatiotemporal point 
(r, t) of the unit-field. It could be also mentioned that the two versions of the unit-field model, which are based 
on the 1st or 2nd derivatives of the unit-field, have the different forms (|185p and (|218|) of the generalized Einstein 
energy-mass relation, but the indistinguishable equations of motion (|190p and (|227p . The energy-mass relations (|185p 
and (|218p are equivalent for the de Broglie wave (jl84p associated with a single particle that is free from interactions 
with other particles. In other words, for the unit-field configuration (jl84p . one can use the 1st or 2nd derivatives of 
the unit-field in Eqs. (|185p . (|218p . ()190p and p27p . Although these two versions of the model are equivalent for the de 
Broglie wave (|184p . Sec. (4) shows that they may yield different results for more complicated unit-field configurations. 

3.3. The role of initial and boundary conditions in dynamics of a single unit-field 

The kind of a free elementary particle in Eqs. (jl83p - ()234p of the above-presented conceptual model of a free unit- 
field (particle) is determined by the particle rest-mass tuq, only. The rest-mass mo could be considered as a particular 
kind of the initial conditions. For a given rest- mass mo, the equation of motion (|190l) or (|227p with the initial and 
boundary conditions imposed describes dynamics of the unit-field configuration. The dynamical configurations V'o 
corresponding to the different solutions of the equation of motion could be attributed to the different momentums ko 
of the same particle. In other words, the unit-field associated with an elementary particle having the rest-mass mg 
does exist in different configurations corresponding to the different solutions of the equation of motion with the actual 
initial and boundary conditions. A solution to the differential equation of motion is unambiguously determined if 
the value of the unit-field function (Dirichlet boundary conditions) or the normal derivative of the unit-field function 
(Neumann boundary conditions) is specified on the boundaries. In the present study, a unit-field is considered as the 
free unit-field if it does interact only with the boundaries imposed by the free space (vacuum). For instance, a massive, 
free unit-field describing by Eqs. (|190p or (j227p has a boundary between the massive unit-field and the mass-less 
vacuum. That means that the massive, free unit-field does interact only with the mass-less boundary of the vacuum. 
A mass-less, free unit-field, which is described by Eqs. (|197l) or (j228p . has a boundary between the mass-less unit- field 
and the mass-less vacuum. In such a case, a mass-less, free unit-field interacts with the mass-less boundary of the 
free-space. A free unit-field before interaction with the material boundaries is considered as a free unit-field. The 
material boundaries can be modified by using the external energy, namely the energy that does not associate with 
the unit-field energy. Interaction of a unit-field with the actual material boundaries may change or not change the 
absolute value |ko| of the unit- field momentum ko. The interaction that changes the value |ko| is called a non-elastic 
process. The process could be interpreted as the exchange of energy between the unit-field and the boundary. Analysis 
of such a process requires the detailed model of interaction of the unit-field (particle) with the unit-fields (particles) of 
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the material boundary. If the interaction does not affect the unit-field momentum, then the interaction has an elastic 
character. The elastic interaction of a single unit-field with the material boundaries can he treated phenomenologically 
by using the Dirichlet or Neumann boundary conditions for the equation of motion il90\) or ^227\ ). The evolution 
of the unit-field configuration under the free-space propagation and elastic interaction of the single unit-field with a 
material boundary is illustrated by the following three examples. 

Let me first consider the simplest, relativistic unit-field configuration that corresponds to the free plane-wave, 
namely the time-harmonic solutions of the relativistic equations (|190p . (I209p . (|221l) and (|227p for the free space 
(vacuum). At the initial time moment t = 0, such a unit- field is given by the de Broglie wave 

i(kor-wot+Qo) 



■i/'o(r,i) = aoe* 



(235) 



with the amplitude ao = and phase ao = 0, where y 7^ oo is the volume occupying by the spatially finite 

unit-field ■(/;o(r,i) = aoe*'^"''. Notice, the unit-wave amplitude ao decreases with increasing the volume V. In Eq. 
(|235p . Wo — £0 E^nd ko denote respectively the unit-wave frequency and wave- number. The unit- field (particle) has 
the momentum ko given by 



ko 



V'o (-iVV'o) d^x. 



(236) 



The unit-field frequency (energy) satisfies the Einstein energy-mass relation (jl83l) , which has the form of the relativistic 



dispersion relation wo^ = 
so-called group velocity Vg 



fr2 



The unit-field propagates in the free-space along the direction ko/fco with the 
dujo/dko. The use of the Einstein dispersion relation yields the group velocity 



vg^l/il + ml/kiy/^. 



(237) 



Each point of the unit-field propagates withing the unit- field with the phase velocity v = {Ldo/ko){'ko/ko)- The value 
u = |v| = wo/fco is given by 



(238) 



The group velocity satisfies the inequality Vg < c for any value of mo or /cq (in the natural units Vg — (1 -t-mQ/kp)^/^ < 
1). That means that a signal associated with the massive unit- field (particle) propagates through the free space 
(vacuum) with the speed Vg < c. A massive particle is considered to be at the rest (vg = 0) if the particle momentum 
ko = 0. Each point of the massive unit-field propagates within the unit-field with the phase velocity p38|) . where 
u if the unit-field is associated with the relativistic particle (fco 00). In the case of the mass-less (mo = 0) 
unit-field, which is described by Eqs. ^90)) . ([^0^1) . ([^^ and (STi} with mo = or simply by Eqs. P?7)) and (P^ . the 



dispersion relation is given by ujq — k^. The respective group velocity Vg is equal to the speed of light [vg 



!)■ 



The phase velocity v of the mass- less unit-field also is equal to the speed of light (u = c = 1). Thus a signal associated 
with the mass-less unit-field (particle) propagates through both the free space (vacuum) and the unit-field medium 



with the luminal velocity {vg 



= 1). In the non-rclativistic case (kg << mg), the group velocity (|237p 



of the unit-field (I235P is equal to the non-relativistic (Newton) velocity Vg — ko/mo of the non-relativistic particle 
associated with the unit-field. Notice, the similar dynamics of the the non-relativistic unit-field (I235P is predicted 
by the non-relativistic equations (|195p . (I196p . (|214l) . (I22ip and (|234p with the respective non-relativistic dispersion 
relation cjq = (fco + mp)^/^ (fc§/2mo) -t- mo. In such a case, the group and phase velocities are given by Vg = ko/mo 
and V = mo/fco, respectively. The phase velocity ()238p of the unit- field is given by the value v = mo/fco. A signal 
associated with this phase velocity propagates through the unit-field having the momentum fco — ?> with the infinite 
speed {v -> 00). The unit-field configuration (I235P and momentum (j236p do not change under propagation of the 
unit-field in the free space (vacuum). Indeed, at any time moment t = t' , the unit-field has the configuration 

V'o(r,t') = floe'^'""''^""*'' (239) 

with the unit- field momentum ko. Here, ao = V^^^^ is the unit- field amplitude, and V is the volume occupying by 
the unit- field at the moment t = t' . 

Let me now suppose that at the time moment t = t" the unit-field V'o(r",i") = aoe''*'"'" ^ begins to propagate 

through the "transparent" aperture in the "non-transparent" infinitely thin material screen placed in the vacuum. 
Under the propagation, the unit-field interacts with the material boundaries of the screen. The evolution of the 
unit-field configuration behind the screen at the time t > t" can be described using the well-known Fresnel-Kirchhoff 
integral theorem as 



on 



pi(koR-cJot) 

R 



R "a^ 



dS. 



(240) 
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where R is the distance from the point P to the point {x",y",z") of the unit-field ■i/'o(r",i") on the surface S of 
the aperture, and d/dn denotes differentiation along the normal to the surface of integration. The Fresnel-Kirchhoff 
integral theorem (|240l) for the mass-less (ttiq = 0) wave is usually regarded as an integral form of the wave equation 
Otpo = with the dispersion relation ojq^ = kg and the conventional boundary conditions imposed by the "non- 
transparent" boundaries. The diffraction integral (|240l) for an optical wave is considered as one of the possible 
mathematical formulations of the Huygens-Fresnel diffraction principle in optics. In the case of a massive (toq ^ 0) 
unit-wave, the integral theorem (I240p could be regarded as an integral form of the equation dipo + ttiqiPq — with 
the energy- mass (dispersion) relation wg^ = kp -I- mg. Respectively, Eq. (|240p could be considered as one of the 
possible mathematical formulations of the Huygens-Fresnel principle for diffraction of the massive unit-wave on the 
aperture. The expression ()240|) describes the unit-field V'o(-Pj^) in any point P behind the screen by using the unit- 
field distribution tPq(v" ,t") with the amplitude ao on the surface S of the aperture at the time moment t = t". 
The interaction of the unit-field with the material boundaries is described phenomenologically, namely in terms of 
the boundary conditions imposed on the unit-field on the screen boundaries. The interaction is considered as an 
elastic process that does not change the unit-field momentum. Thus the unit-fields pSSp and (|239p have the same 
momentum |ko|. The diffracted unit-field (j240|) is considered as the free unit-field ^o{r,t") = aoe^'^^°'^ reshaped 
by the aperture. The reshaping can be interpreted as the signaling (exchange of the information) between the points 
{x" ,y" , z") and P. The signal from the point {x" ,y" , z") to the point P of the unit-field (|240[) propagates in the 
form of the spherical wave /^-le'C"'^^'^"*) with the phase velocity v ~ wq/Zco = (1 + "^o/'^o)^^^- In the case of a 
non-relativistic particle (fco — >■ 0), the signal propagates withing the unit-field ()240|1 with the phase velocity v — ^ oo. It 
should be stressed that the unit-field configuration (|240p describes the indivisible unit-field. In other words, the unit- 
field (I240p consists from the Huygens-Fresnel superposition of the spherical elementary waves, which are inseparable 
from each other. A simple analysis shows that the above-considered dynamics of the unit-field configuration under the 
elastic collision of a unit-field with the material boundaries could be observed in many other experimental conditions, 
for instance, in the Young two-slit experiment. 

Consider now the third typical example of the evolution of the unit-field configuration under the elastic interaction of 
the single unit-field with a material boundary. Let me assume that the unit-field (|235p with the amplitude oq = V~^^'^ 
is placed into the center of an empty box, which has the volume Vb = Ll >> V and the "non-transparent" material 
boundaries. After the time t ~ Lh/vg, the unit-field would interact with the box boundary. The elastic interaction 
could be described phenomenologically by using the Neumann boundary condition imposed on the normal derivative 
of the unit-field function on the "non-transparent" boundaries. The elastic interaction of the unit- field with the box 
boundary results into the elastic reflection of the unit-field from the boundary that changes the momentum of the 
unit-field (|235p from ko to — ko. After the reflection along the normal to the surface, the unit-field propagates in the 
direction — ko/Zco as the unit- wave 

V'o(r,t) =006"'^''"""""''*'. (241) 

The reflection may be attributed to the phase change of the unit-field ([235]) : aoe^'C""'""''*) = aoe*('""'^"o*=^''). The 
total time of the reflection is given by i ~ V^^^/vg. The unit-fields (|235p and (I24ip have the group and phase 
velocities determined respectively by Eqs. (I237P and (|238p . The localization (confinement) of the unit-field (|235p 
by the "non-transparent" material box with the volume Vb = V = L'^ results into the discretization of the unit- field 
momentum feg and frequency (energy) ujq under the Dirichlet boundary conditions imposed on the unit-field on the 
"non-transparent" boundaries. In such a case, the unit-field could have one of the possible configurations 

V'OW (r, t) = L-3/2g.(ko„™,r-^o_,t) (242) 

with the squares of the wavenumber (momentum) and frequency (energy) given respectively by 

kow = i^/Lfin-' + + r^] (243) 

and 

uJomni^ = 'i4„,^i + ml (244) 

where n, m and / are the non-zero integer numbers. The group and phase velocities of the unit-field (|242p are 
determined by Eqs. (|237l) and (f238ll with the discrete momentum ([243]) and frequency (|244l) . The unit-field ([242]) does 
not include the reflected wave ()24ip . That means that the velocity of the box is equal to the group velocity of the unit- 
field. The well-known (standing-wave) configuration ■!/'Onmz(r,t) = (L-3/2/2)[e*('^0"™"-"0'""'*) + e-*('^o,.™ir-a;o„,„i«)]^ 
which include the reflected wave, has the group velocity Vg = corresponding to the zero momentum (|236p . The elastic 
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reflection of a unit-field and the spectral discretization of the wavenumber (momentum) and energy (frequency) could 
be associated with many other experimental conditions, where a unit-field interacts with the resonator-like boundaries. 
Such a behavior of the de Broglie (quantum) wave is well-known in the canonical quantum mechanics. 

The most unexpected behavior of a unit-field does associate with the superluminal values of the phase velocity 
(|238p at the particular experimental conditions. In the case of fco — >■ 0, a signal associated with the phase velocity 
can propagates within the massive (too 7^ 0) unit-field with the infinite speed [v = (1 + mg/kp)^/^ — > 00]. In the 
classical (Young- type) diffraction experiment, any instant change of the unit-field boundaries by instant insertion of 
any additional object into the experiment should also result into superluminal modification of the diffracted non- 
relativistic massive unit-field. The modification of the mass-less (toq — 0) unit-field in such an experiment would 
take place with the speed of light v = ujo/ko = c = 1. It should be stressed that the superluminal reshaping of a 
massive unit-field, which is provided with the superluminal phase velocity withing the unit-field, does not contradict 
the Einstein special relativity. In the Einstein theory, the signaling between massive bodies (particles) separated by 
the free-space (vacuum) is provided by a mass-less electromagnetic wave propagating between the particles with the 
group speed of light. The superluminal reshaping of a massive unit-field with the superluminal phase velocity does 
not affect the signaling between massive particles (unit-fields) separated by the vacuum. The Einstein signaling by a 
massive (toq 7^ 0) particle is associated with the group velocity (|237p of the massive unit-field (|235p that could not be 
superluminal [vg = 1/(1 -t-mg/kp)^/^ < 1]. In agreement with the Einstein theory of relativity, any mass-less (mg = 0) 
unit-field of the present model propagates with the group velocity of light {vg = v = c ^ \). Notice, any change of the 
boundaries placed infinitely far from the spatially finite unit-field would not affect the configuration and momentum 
of the unit-field. The modification of a unit-field occurs only after interaction of the unit-field with the boundaries. 

The signaling by the massive unit-field pSSp associated with a massive (toq 7^ 0) particle is provided with the 
velocity (|237p that could not be superluminal [vg = l/(l-|-TOQ/kQ)^/^ < 1]. In contrast to the Einstein theory of point 
particles, the present model predicts the signaling by the material field with the superluminal group velocity. For an 
example, the spatially evanescent unit-field 

7/;o(r, t) = aoe'^'"""^"''*' = aoe^'"'""e-"^«* (245) 
satisfies the equations of motion (|190l) and (|227p under the dispersion relation 

wo' = -ko+"io- (246) 

which is formally indistinguishable from the Einstein mas-energy relation wq^ = kQ + TOq in the case of the imaginary 
momentum ko = iko. The group velocity (|237p of the unit-field (|245p is given by 

vg = l/{l-ml/\.lf'\ (247) 

The relativistic (kg — )• TOq) unit-wave (|245p propagates with the superluminal group velocity Vg ~^ 00. The relativistic 
unit-field 

V'o(r, t) = aoe^^"^"""-""*^ = aoe-'"""e-"''*, (248) 

which is evanescent in both the space and time, also propagates with the superluminal group velocity p47p under the 
dispersion relation 

(^g = kg - TOg. (249) 

The dispersion (j249p formally satisfies the Einstein mas-energy relation ujq^ = kg -|- TOq for the imaginary momentum 
kg = iko and frequency wq = —i^o- The evanescent unit-field (unit-wave), which has the imaginary values of the 
frequency (energy) and/or wave- number (momentum), does associate with the particle that may propagate with 
the superluminal group velocity. It could be mention that superluminal particles are usually called tachions. The 
dispersion relations (|246p and (|249p . strictly speaking, are different from the Einstein mas-energy relation (|183p 
associated with the real frequency (energy), wave-number (momentum) and mass. Moreover, the temporal evanescence 
(virtual existence) of the unit-field (|248l) associated with the disappearing particle does contradict to the law of 
energy conservation. Therefore the superluminal unit-fields (I245P and (|248p and the respective superluminal particles 
(tachions) probably do not really exist. Nevertheless, the superluminal field il){v^t), which is similar to the unit- 
field i245\ ) or ^248^ ), may be created experimentally by using the method of Fourier's decomposition. In such a case, 
the composite-field ijj(r,t) = T,iai'il'oi{r,t) having the superluminal field configuration is composed from the Fourier 
components (non-evanescent unit- fields ^oi(r,t) associated with the temporally non-evanescent particles) that satisfy 
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the Einstein mas-energy relation woi^ = +itiq^ with the real values ujQi, koi and niQi. The temporal evanescence of 
the superluminal configuration associated with the field superposition Sjai^/'oi(r, t) is provided rather by redistribution 
of the non-evanescent unit-fields aiilJoi{r,t) than the disappearance of these unit-fields (particles). The signaling by 
the composite, evanescent field (wave) having the superluminal group velocity could play important role in explanation 
of the many superluminal physical processes, such as the near-field diffraction (scattering) of waves, the tunneling 
effects and the virtual-particle phenomena of any kind. It could be also mentioned that the superluminal signaling 
by the relativistic neutrinos has been recently observed in the CERN-LNGS experiment. The super hmimal signaling 
in this experiment, if such a behavior really exists, may be attributed to the superluminal group velocity {vg > 1) of 
the composite evanescent field associated with the neutrinos. 

4. UNIFICATION OF INTERACTING ELEMENTARY PARTICLES AND INTERFERING 
(CROSS-CORRELATING) UNIT-FIELDS: A MULTI-PARTICLE SYSTEM (N > 2) 

In the above-presented conceptual model, a single elementary particle that is free from interaction with other 
particles has been presented as the free, indivisible unit-field associated with this particle. Unification of a free particle 
and a free unit-field was performed by the generalization of the energy-mass relation e'^ = + rr? of the Einstein 
theory of a point particle to the case of the unit-field associated with the particle. Then the generalized mass-energy 
relation yielded the equation of motion for the unit-field. A unit-field was considered to be free if it interacts with 
the boundaries imposed by the free space (vacuum), only. It was also shown that the elastic interaction of a nit-field 
with the material boundaries can be treated phenomenologically by using the different boundary c;onditions for the 
equation of motion of a free unit-field (particle). In contrast to a free particle, the analysis of non-elastic interaction of 
a unit-field (particle) with material boundaries or another unit-field (particle) requires a detailed (microscopic) model 
of interaction of the unit-fields with each other. Section 4 unifies the fundamental (electromagnetic, weak, strong and 
gravitational) fields, particles and interactions by the further generalization of the Einstein energy-mass relation for 
the interacting particles and bodies composed from the interfering unit-fields. It is assumed that any fundamental 
field iil'{r,t) = Xl„=i '.''on(r, i) is composed from the interfering, indivisible unit-fields ipon{Y,t) associated with the 
interacting elementary particles. Section 4 begins the unification with the generalization of the Einstein energy-mass 
relation for the degenerate [ipoi{r,t) = ■ipo2{T^,t) = ^/'o(r, t)], composite field ip{r,t) = ■i/'oi(r,i) -I- V'02(r,i) = 2'tpo{r,t) 
associated with the degenerate, composite particle composed from two (A'^ = 2) indistinguishable elementary particles. 
Then the generalization of the Einstein energy- mass relation is performed for the non-degenerate [tpoi{^, t) V'02(r, t)], 
composite field ip{r,t) — V'oi(r, i) -|- V'02(r, t) associated with the non-degenerate composite particle. Finally, the 
unification is extended to an arbitrary number TV of the indistinguishable or distinguishable unit-fields (elementary 
particles). Mathematically, the generalization of the Einstein energy-mass relation is performed by using the second 
or first derivatives of a unit-field. Although these two approaches are equivalent in the case of the de Broglie wave 
associated with a free particle, the use of the second or first derivatives may yield the different results for the interfering 
unit-fields. For the sake of generality, the unification of interacting elementary particles and interfering (cross- 
correlating) unit-fields is presented also in the alternative form by using the composite-field Lagrangian (Hamiltonian) 
that corresponds to the generalized energy-mass relation for the interfering unit-fields. In such a case, the model is 
formulated in the frame of the Lagrangian formalism, where the configuration and dynamics of the composite field 
is determined by the composite-field Lagrangian and the Euler-Lagrange equation of motion with the initial and 
boundary conditions imposed. 

4.1. The energy-mass relation and equation of motion for a composite particle composed from interacting 
point-like particles: Interaction as cross-correlation (interference) of point-like particles 

For the sake of simplicity, let me first consider the simplest composite particle, namely the point-like particle 
composed from two point-particles of the Einstein theory of special relativity. It is assumed that the first point- 
like elementary particle has the mass moi, momentum koi and energy eqi in the space-time point (ri,ti). The 
second elementary particle is characterized by the respective parameters mo2. ko2, £02 and (r2,<2)- In the case of 
(ri,<i) = (r2,i2) = (j,t)j the two identical [moi = mo2 = rno and koi = ko2 = kg] point-particles could be considered 
as the degenerate, composite point-particle with the common energy s determining by the energy superposition 
principle: 



£ = £01 + £02 • 



(250) 
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The Einstein energy-mass relation (|183p for the degenerate, composite particle is given by 

e^=k^+m^, (251) 

where the values e — Eqi + £02 — 2eo, k = kpi + ko2 = 2ko and m — toqi + "^02 — 2r7io are respectively the 
sums (superpositions) of the energies, momentums and masses of the first and second particles. That means that the 
particles satisfy the superposition principle also for the momentums and masses. The basic relation (I250p of Einstein's 
relativity for the degenerate, composite point-particle located in the spatiotemporal point (r, t) can be rewritten as 

£^ ^ ^01 + ^02 + '^12 + ^21 ~ £qi + £02 + '^12,21- (252) 

Here, e = e{r,t) is the common energy of the composite particle, and Eqi = eoi(r,i) = (k-Qi + mQ-^Y^^ and £92 = 
£02(1", i) = (kQ2 -I- ?7T-o2)^^^ denote respectively the Einstein energies of the first and second particles. The value 
^^i2,2i(r,i) = £i2{'r,t) -|-£2i(r,i) logically to call the the total cross-correlation term, which associates with the cross- 
correlation ("interference") of the two point-particles in the spatiotemporal point (r,i). The cross-correlation terms 
fi2(r,<) = eoi(r, t)eo2(r, t) and ^21(1", i) = eo2(r, 0£oi(r, i) associated respectively with the first and second point- 
particles satisfy the relation 

fl2 -^21 = (l/2)fl2,21. (253) 

The relation ([252]) may be represented /ormaZ/j/ even in the more general form by using the notations e = e(ri, r2, ti, ^2), 
£1 = £oi(ri,ii) = (kgi -I- TOoi)^^^> £2 = £02(r2,i2) = (k§2 + ^02)^^^ and £12,21 = 'S^i2,2i(ri, r2, ti, ^2) = 
eoi(ri, ti)£o2(r2, ^2) + £o2(r2, i2)£oi(ri, ti), where the cross-correlation term f i2,2i(ri, r2, ^i, ^2) does associate with 
the cross-correlation of the two particles in the points ri, r2, ti and ^2- It should be stressed, however, that Eq. (|252p 
could be used only in the case of the indistinguishable (mgi — mo2 — rn^ and koi = ko2 — kg) point-like particles 
located in the same space-time point (ri,ii) = (i"2,i2) — (r,i). Otherwise Eq. (|252p does not have any physical 
meaning. Although the cross-correlation term f 12,21 — £oi£o2 + £o2£oi can be introduced formally into the Einstein 
energy-mass relation (see, Eq. 12521) . the cross-correlation term does not play any important role in the Einstein 
theory of special relativity. The cross-correlation f 12,21 — £oi£o2 +£o2£oi of the squares of energies in Eq. (|252p does 
not result (£ ^ £01 -I- £02 + £12,21, where £12,21 7^ 0) into the cross-correlation of the energies [see, Eq. (|250p ]. In 
other words, the Einstein special relativity describes the particles, which are free (£12.21 = 0) from the interaction 
(cross-correlation) energies. The cross- correlation ("interference") between the energies of point-particles does appear 
in the relativistic and non-relativistic theories of the interacting point-particles in the form of the interaction (poten- 
tial) energy £12,21 7^ 0. Indeed, in the all relativistic theories of interacting particles based on the Einstein theory of 
special relativity, the common (total) energy e of the composite point-particle composed at the time moment t from 
the interacting point-particles is presented as 

£(ri,r2,t) = £oi(ri,i) £o2(r2, + £i2(|ri - Y2\,t) + £2i(|r2 - ri|,t) (254) 

or 

£(ri,r2,t) = £oi(ri,t) + £o2(r2,0 + £i2,2i(|ri - r2|,i), (255) 

where the values £oi(ri, t) — (k§j +TOqj)^/^ and £o2(r2, — (^^02 +"^02)^^^ denote respectively the relativistic energies 
of the first and second point-particles; the total cross-correlation term £i2,2i(|ri — r2|, i) = £i2(|ri — r2|, i) + £2i(|r2 — 
ri I , t) denotes the total interaction energy associated with the four fundamental interactions of nature, namely the 
gravitation, electromagnctism, weak interaction and strong interaction. One should not confuse here the total cross- 
correlation energy £i2,2i(ri, r2, t), which does associate with the cross-correlation of energies of the two particles, 
with the total cross-correlation term f 12,21 (ri, r2, i) attributed to the cross-correlation of the squares of energies. 
The total interaction energy £i2,2i(|ri — r2|,t) is considered as the total cross- correlation ("interference" ) energy 
£i2,2i(ri, r2, t) = £i2,2i(|ri — i"2|,i) that does associate with the cross-correlation ("interference") of the two point- 
particles in the spatiotemporal points (ri,t) and (r2,i). The interaction energies £12 and £21 attributed respectively 
to the first and second point-particles satisfy the relation 

£12 =£21 = (l/2)£i2,2i, (256) 

where £12.21 7^ 0. In the non-relativistic (kpj^ << rn^i) theories, the common energy e of the composite point-particle 
composed from the interacting point-particles is given by Eq. (|255p . where the non-relativistic energies of the first 
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(eqi ~ 2ml-i +™oi) and second (£02 ~ +™02) point-particles are replaced by the energies ei — Eqi — toqi = 2m^ 

and £2 = £02 — 'm-02 — 2™^' respectively. In the non-relativistic and relativistic cases, the total cross-correlation 
(interaction) energy £12.21 (|ri — r2\,t) may have the same or different forms. The gradients of the interaction (cross- 
correlation) energies £i2(|ri — ^2\,t) and £2i(|r2 — ri|,i), which are called the interaction forces, are given by 

Fi2(ri,t)--^£i2(|Ri2|,i) (257) 



9Ri2 
and 

F2i(r2,i) = -7^£2i(|R2i|,i), (258) 

where R12 = ri — r2 and R21 = r2 — ri. The interaction forces F12 and F21, which could be considered as the 
cross- correlation ("interference" ) forces, act respectively upon the first and second point-particles. The interaction 
(cross-correlation) forces satisfy the relation 

F12 = -F21 (259) 

due to the relation (|256p . The physical action of the first particle onto the second particle is indivisible from the action 
the second particle onto the first one. In other words, the energy £12 is indivisible from the energy £21. Therefore the 
interactive force F12 can not exist without existence of the interactive force F21. The kind of the interaction (cross- 
correlation) force acting between the two point-particles is determined by the kind of interaction (cross-correlation) 
energy and vice versa. Equations p57p and (|258p do determine the four fundamental {ggravitational, electromagnetic, 
weak and strong) forces by the interaction (cross-correlation) energies 

£12 = (1/2)£12,21 (260) 

and 

£21 = (1/2)£12,21, (261) 

which could be associated with the gravitational, electromagnetic, weak and strong interactions. The energy of cross- 
correlation (interaction) and the respective force depend on the masses, charges, isospins, momentums and spins of 
the particles. Correspondingly, the kind of the point-like elementary particle is characterized by the mass, charge 
(electric charge, weak hyper-charge or color charge), weak isospin and intrinsic angular momentum (spin) of the 
particle. The equation of motion for the composite particle is derived by assuming that the variation of the energy 
[£oi(ri, t) -I- £o2(r2, t)] is related to the variation of the total interaction (cross-correlation) energy £i2.2i(|ri — ^2\, t) as 

(5[£oi(ri,i)-t-£o2(r2,t)] = -fei2,2i(|ri - r2|, i) (262) 

The relation (j262p is associated with the conservation of energy at the time moment t, where the variation of interaction 
(cross-correlation) energy (5£i2.2i(|ri— r2|, t) is converted into the variation of the Einstein energy S[eQi{ri,t)-\-eQ2{^2, t)] 
and vice versa. Notice, the two point-particles could be considered as the free particles that does not associate with 
the compose particle if £i2,2i(|ri — ^2\,t) « [£oi(ri,t) + £02(^2, t)]- Equation (|262p yields the equation of motion, 
which can be presented in the general form as 

deoi{ri,t) dso2{r2,t) deoi{ri,t) deo2{r2,t) 

dri H dr2 H ^- dt H — dt = 

OTi OT2 ot ot 

9£i2,2i(|ri - r2|,i) , 9£i2.2i(|ri - r2U) , 9£i2,2i(|ri - r2|, i) 9£i2.2i(|ri - ra], t) 

= ■ dri dr2 dt dt. (263) 

OTi or2 ot ot 

The equation of motion (|263p may be simplified in some particular cases. For an example, in the case of 

(5[£oi(ri,t)+£o2(r2,t)] =-fci2,2i(|ri-r2|,t) = 0, (264) 

Eq. (j263l) describes the stationary condition of the composite particle in which the total energy £(ri, r2,t), the total 
interaction (cross-correlation) energy £i2,2i(|ri — r2|, t) and the Einstein energy [£oi(ri, i)-|-£o2(r2, *)] of point-particles 
do not depend on the time moment t. In other words, the stationary composite particle has the constant energies 
£(ri,r2,t), £i2,2i(|ri — J^2\,t), £oi(ri,i) and £o2(r2,0- Another typical example that associats with the composite 
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particle is the movement of the first particle in the coordinate system, where the second particle is at the rest. In 
such a case, Eq. (I263[) yields the equation of motion for the first particle: 

'-^^-FMn,tl (265) 

where the interaction (cross-correlation) force acting upon the particle is given by 

Fi2(ri,t) = -^ei2(|ri|,t). (266) 

It should be stressed that Eqs. (12541) - p66p in the case of gravitational interaction are valid for the Newton gravitation, 
but do not compare well with the Einstein general relativity. Indeed, the gravitational interaction between two 
particles in the Einstein relativity is not viewed as an interaction force mediated by the gradient of the interaction 
(cross-correlation) energy, but rather particles moving freely in gravitational fields travel under their own inertia in 
straight lines through curve space-time. In other words, the force of gravity and the potential energy of gravitational 
interaction are explained as the pure geometrical result attributed to the geometry of space-time. 

The above-presented analysis, which considers the energies and forces associated with the two elementary point- 
particles, is valid also in the case of a composite particle composed from the N > 2 point-particles. I will not 
present the multi-particle {N > 2) analysis because the equations that correspond to Eqs. ()250p - (|266|) for > 2 
are well-known. Let me only mention several facts associated with the degenerate point-particle composed from the 
arbitrary number N of the indistinguishable, interaction-less point-particles of the Einstein special relativity. The 
squares of energy, momentum and mass of the degenerate particle are given respectively by = N'^£q, = N^h^ 
and — N'^m'^, where £§ = k§ -I- m^. Notice, the energy e = Neo, momentum k — Nko and mass m = Nm^ of the 
degenerate particle is similar to the energy and momentum of the N bosons of the global infinite field describing by 
the Klein-Gordon-Fock equation of quantum field theory. 



4.2. The energy-mass relation and equation of motion for the interfering (cross-correlating) unit-fields 

associated with elementary particles 

4-2.1. The model based on the 2nd derivatives of the composite field 



1. The model Ist-version based on the straightforward generalization of the Einstein energy-mass relation for the 
composite field by using the 2nd derivatives 

The spatially-finite or infinite unit-fields ';/'oi(ri, ii) and V'02(r2,^2) associated with the 1st and the 2nd elementary 
particles are not the Einstein point-like particles with the spateotemporal coordinates (ri,ti) and {v2,t2). Therefore 
Eqs. h250\) - i252\) should be generalized for the arbitrary space-time coordinates (ri,ti) and (r2,t2) of the composite 
field tp = V'(ri, r2, ii, ^2) composed from the unit-fields ipoi(ji,'ti) o,nd '002 (r2, ^2)- The common energy e of the 
composite particle may be attributed to the composite field 'tp{ri,r2, ti,t2) = '!/'oi(ri, ^i) -I- '0O2(r2, ^2) only in the case 
of ti = t2 = t. Indeed, the cross-correlation of the unit-fields ?/'oi(ri,ti) and '0O2(r2,^2) at the different {ti ^ ^2) 
time moments, in the common or different inertial coordinate systems, does associate rather with the amplitude or 
intensity interferometry (see, Part I) than the cross-correlation term £12,21 of the common energy e of the composite 
particle. At the time moment t of the inertial coordinate system, which is the common system for the first and 
second unit-fields, the composite field ■!/'(ri, r2, t) may be presented as the field '0(r, t) = ■!/'i(ri, t) -|- '4'2{^2, t) with the 
different (ri ^ r2) space coordinates. The common field that has the common temporal coordinate may be presented 
also as the field ipi^it) = ■!/;i(r, t) -I- ■02(r,t) with the common (ri = r2 = r) space coordinate. The two particles 
could be considered as the composite particle with the common energy e determining by the energy superposition 
principle e — Eqi + £02- The common field tp{r,t) composed from the identical unit-fields 'ipoi{r,t) = ?/;(ri,t) and 
ip02{r,t) = ip{r2,t) associated with the particles has the form 

V'(r,i) = V(ri,0+V'(i-2,i) =V'oi(r,0+V^02(r,0- (267) 

Notice, the composite field (|267p is in agreement with the field superposition principle (see. Part I), which could be 
considered as a particular form of the energy superposition principle e = Eqi -\- £02- 
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The generalization of the Einstein energy-mass relation (jl83l) for the composite field (|267|) of the matter, which is 
associated with the masses moi = TOq and mo2 = tuq of the first and second particles in the common volume V, is 
perform by the replacement 

V^o(r,i)^V'(r,i), (268) 

where the unit-field ipo{r,t) is replaced by the composite field (|267|) in the all equations of Sec. 3 that include the 
field ipo(r^t). This procedure first yields the replacements 

V^o {r,t)~^ [^01 (r, t) + (r , t)] (269) 

and 

VV'o(r,0 ^ [VV^oi(r,i) + V^o2(r,i)] (270) 

and then leads to the energy-mass relation with the respective equation of motion for the composite field associated 
with the composite particle. 

For the superposition (|267l) . the replacements (|268|) - (|270|) in Eqs. (I185P - (I189P yield the energy- mass relation 

= £oi + £o2 + ^12 + £21 = EqI + ^02 + ^12,21j (271) 

where 

VVoi + mliJoi) d^x, (272) 




^02 



(-V^o 



VV02 



(273) 



fl2 = 



V'oi ( ^'/'02 - V^'(/'o2 + ™oV'02 ) d^a;, 



(274) 



VVoi +^0^-01) rf^a:, (275) 

and fi2,2i = i^^i2 + ^21- One can easily demonstrate the very important inequality ^12.21 < ^oi + ^02 associated with 
the interaction of two unit- fields (particles). Notice, Eq. (|27ip is indistinguishable from Eq. (|252p . For the composite 
field (|267p . the relativistic equation of motion 

□ • [^01 + V'02] + ml ■ [i^ni + V'02] = (276) 
is obtained by the replacements (I268P - (I270p in Eq. (jl90p . For the composite field 

N 

V'(r,t) = ^^Aon(r,i), (277) 

n=l 

which is composed from the N unit-fields ip^ni^, t) associated with the N particles having the masses mon = wq, the 
above-described procedure yields the energy-mass relation 

e^ = J2'on+ E (278) 

n— 1 n^m 

where 

eln = I j^Von (-^on - V^On + m^i/'On) d^a: (279) 
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and 



f — 



The respective relativistic equation of motion is given by 



□ • 



N 



^?/'On(r,i) 



ml ■ 



N 



= 0. 



(280) 



(281) 



In the case of the composite particle composed from the non-relativistic particles, the replacements (j268p - (|270p 
in Eqs. (|192p - (|196p yield the non-relativistic energy-mass relation 



£ — £oi + £02 + £12 + £21 — £01 + £02 + £12,21 
with the respective non-relativistic equation of motion 

1 



where 



i[i>01 + V'02] = V [l/'Ol + '002] + mo[l/'01 + "002] 

2mo 



£01 = / iPoi ( ^V'oi - 2^^^^°i "^0^01 ) ^'^^ 



(282) 



(283) 



(284) 



£02 = ^ J i>02 (^«V'02 - ^~^^^02 + "^0^02 ) d^x, 



(285) 



1 



1 



£12 = -j^ / ipoi [ jV'02 - ^02 + mo^o2 ) d X 



(286) 



1 



1 



£21 = t: / V'02 I *V'oi - V'oi + 'TioV'oi 1 d X 



(287) 



and £12,21 = £12 +£21- Notice, Eq. (|282p is indistinguishable from Eqs. (|254p and (|255p . For the composite field 
(|277p . the procedure yields the non-relativistic energy- mass relation 



£ — ^ ^ £0n ^ ^ ^nm^ 
n—1 n^m 



with the respective non-relativistic equation of motion 



N 



^ ?/'On(r,t) 



2mo 



N 



^ Von(r,t) 



mo 



where 



and 



1 



1 



£0n = / 0Sn ( «'/'0n " '/'O" + "^oV'On ) d X 



(288) 



(289) 



(290) 



(291) 



2. T/ie model 2nd-version based on the generalization of the Einstein energy-mass relation for the composite field 
by using the Euler- Lagrange formalism and the 2nd derivatives 
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For the composite field (|268p composed from tlie two unit-fields, the replacements (|268|) - (|270|) in Eqs. (I199|) 
(I207P yield the relativistic energy- mass relation (|27ip . where 



£01 = I J^^oi ("'^oi - VVoi + ml^oi) d^x, (292) 
S02 = I j^%2 (-V^02 - VVo2 + mliPo2) (fx, (293) 
f 12 - ^ /" V^i (-V^02 - V2v;o2 + ^2^02) d'x (294) 



and 

^21 = 



\ 1^^*02 (-V^oi - V^T^oi + ™§V^oi) rf'a:, (295) 



where ^12,21 = £12 + £21 < £01 + ^02- The respective relativistic equation of motion p76p is obtained by the 
replacements ((^5)) - (PTO)) in Eqs. ((^051) and ([^0^1) . For the composite field (P77)) . which is composed from the N 
unit-fields tpon{r,t) associated with the N particles, the procedure yields the relativistic energy-mass relation (|278p . 
where 



p2 



^ / V'o« (-V^on - VVon + mliPon) d^x (296) 



^ J '^On [-i'Orn - V^V-Om + m^TZ-Qm) rf^a;. (297) 



and 



The respective relativistic equation of motion is given by Eq. (I28ip . 

In the case of the composite particle composed from the two non-relativistic particles, the replacements (|268l) - 

(|270p in Eqs. (I210p - (|214p yield the non-relativistic energy-mass relation (|282p with the respective non-relativistic 
equation of motion (|283p . where 

" I jy^*^^ (^"^"^ " i^^''^"^ ^ "^0^01^ d^a;, (298) 

£02 = ^ j^-^h [i^m - ^^^'/'02 + "^0^-02^ d^x, (299) 

£12 = ^ y" ^Si (^«^02 - ^^^^^02 + moV'02^ rf^x (300) 

and 

£21 = ^ y" '002 (^*^oi - + "loV'oi^ rf^a;- (301) 

For the composite field (|277l) . which is composed from the N unit-fields ?/'on(r,t), the replacements (|268l) - (|270p in 
Eqs. (I210p - (|214l) yield the non-relativistic energy- mass relation (|288p with the respective non-relativistic equation 
of motion (|289l) . where 

£0n = ^ j 0Ori {i^Qn - ^~~^^'/^0n + WoV'On'j ^^2; (302) 



and 



£nm = 2 J '^O" (^*'^0m " 2^^^^°™ ^ "^oV'Om ) ^^a^- (303) 
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4-2.2. The model based on the 1st derivatives of the composite field 



1. The model Srd-version based on the .straightforward generalization of the Einstein energy-mass relation for the 
composite field by using the 1st derivatives 

For the superposition (|267l) . the replacements (|268|) - p70|) in Eqs. (I216P - (|218p yield the energy- mass relation 



-2 _ ^2 I ^2 



^01 + ^02 + ^12 + ^21 — EqI + ^02 + ^12.21, 



(304) 



where 



-01 



V'oi + V?/'oiV?/'oi + "igV'oi^oi 



(305) 



^02 = 2 y ( V^02V'02 + V?/'o2V?/'02 + niQipl^tpm ] d X, 



(306) 



f 12 = 2 y ( ^01^^02 + V7/'oiVlAo2 + mo?/'oiV'02 ) X 



(307) 



and 



;i = i y (VS2V'01 + Vi/'l^aVV'oi + "^o^o2V'ol) d^x, 



(308) 



where £"12,21 = £^12 +£^21 < ^01+^02- Notice, Eq. p04l) is indistinguishable from Eqs. (j271l) and (|252p . The respective 
relativistic equation of motion 



[^01 + "002] [^01 + -002] = [VtAoi + V7/;o2] [V^Aoi + V-002] + ml[%^ + V^2][V'oi + V'02], 
is obtained by the replacements ()268p - ()270p in Eq. (j219p . For the composite field 



(309) 



N 



(310) 



which is composed from the N unit- fields ?Aon(r,t) associated with the N particles having the masses mon — rno, the 
above-described procedure yields the energy-mass relation 



n=l 



(311) 



where 



=.2 

= 0n 



(312) 



and 



f — 



(313) 



The respective relativistic equation of motion is given by 



AT 



N 



N 



N 



N 



N 



^ ■0o«(r,t) 



E^o„(r,i) 



0.(314) 



.n=l 



.n=l 



.n=l 



Notice, he relativistic energy- mass relation piip is indistinguishable from Eq. (|278p . 
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In the case of the composite particle composed from the non-relativistic particles, the replacements (|268l) - (|270p 
in Eqs. (j220l) and (I22ip yield the non-relativistic energy-mass relation 



£ — £01 + £02 + £12 + £21 — £01 + £02 + £12,21 
with the respective non-relativistic equation of motion 

1 



where 



£01 



2mo 



(315) 



iWm + V'o2][^oi + ^01] = 7^ — [VVo*i + VV'o2][V^oi + VV'02] + mo[^ASi + V'o2][V'oi + V'02], (316) 



(317) 



£02 = ^ / (^*^02^02 + 2^^^02^'/'02 + TOoV'o2V'02 ) d'^X. 



(318) 



£12 = t: 



and 



£21 = 7: 



«V'(5lV'02 + 2^ ^^01^^"^ ^ Wo-0oiV'O2 ) d^x. 



iil'02'4'01 + ^^^"^02^^01 + moV'02^01 ) a;- 



(319) 



(320) 



Notice, Eq. pi6p is indistinguishable from Eqs. (I282p . (|254p and (|255p . For the composite field (|277p . the procedure 
yields the non-relativistic energy-mass relation 



£ — ^ ^ £0n ^ ^ ^ ^nm-; 
n—1 n^m 



(321) 



with the respective non-relativistic equation of motion 



N 



EV'o*„(r,i) 



n=l 

where 



and 



AT 



n=l 



1 

2mo 



N 



.n=l 



JV 



E VV^On(r,0 



niQ 



N 



N 



£0" =2/^1 ^SnV'On 



2too 



(322) 



(323) 



(324) 



2. T/ie model J^th-version based on the generalization of the Einstein energy-mass relation for the composite field by 
using the Euler-Lagrange formalism and the 1st derivatives 



For the composite field (|268p composed from the two unit-fields, the replacements (|268p - (|270p in Eqs. (|222p 
(|226p yield the relativistic energy-mass relation 



£ — £oi + ^02 + '^12 + '^•21 — £oi + £02 + ^12,21, 



where 



-01 



^ J ("001^01 + VV'oiVV'oi + TOoVoiV'Ol) 



(325) 



(326) 
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^02 — 



^ J ('0O2V'O2 + Vlp02yipQ2 + moVo2'/'02 



(327) 



and 



£l2 



£21 



(328) 



(329) 



where £12,21 = '^'12 +£21 < £qi +£o2- It could be mentioned that Eq. p25l) is indistinguishable from Eqs. (I304p . (|27ip 
and (|252p . The respective relativistic equation of motion 



□ • [V'Ol + ■002] + ml ■ [t/jQi + ■002] = 0, 



(330) 



which is indistinguishable from Eq. (I276p . is obtained by the replacements (|268p - (|270p in Eq. (|227p . For the composite 
field (j277p . which is composed from the TV unit- fields '(/'On(r, i) associated with the N particles, the procedure yields 
the relativistic energy-mass relation 



£ = ^ ] £on + ^ ] £nm , 
n— 1 n^m 



where 



and 



p2 



^ / (V'SnV'On + VV'o„VV'On + mo^SnV'On) d^ X , 



(331) 



(332) 



(333) 



Notice, Eq. p3ip is indistinguishable from Eq. piip . The respective relativistic equation of motion is given by 



AT 



^ Von(r,i) 



.n=l 



N 



^ Von(r,i) 



n=l 



= 0, 



(334) 



which is indistinguishable from Eq. p8ip . 

In the case of the composite particle composed from the two non-relativistic particles, the replacements (|268p 
(|270p in Eqs. (|230p - (|234p yield the non-relativistic energy-mass relation 



£ — £01 + £02 + £12 + £21 — £01 + £02 + £12,21 
and the respective non-relativistic equation of motion 

1 



where 



ibPoi + "002] = V [-001 + 002] + mo [-001 + 0O2] 

2mo 



£01 = ^ J (iipQitpoi - ^""^"^01^001 + mo0oi'0oi ) d^x, 



(335) 



(336) 



(337) 



£02 = ^ / (^*^O20O2 - ^"^^02^002 + mo?/'o2V'02 ) ^^2;, 



(338) 



£12 = ^ J ^#(51002 - 2^'^^°^'^'^°^ WO0O10O2 ) d^x 



(339) 
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and 



£21 



2mo 



(340) 



Notice, Eq. ((555)) is indistinguishable from Eqs. (PRl) . (^551) and (1^5^ : Eq. is indistinguishable from Eq. (^551) . 

For the composite field (I277p . which is composed from the N unit-fields iponi^jt), the replacements (I268P - (|270p in 
Eqs. (|230|) - (|234|) yield the non-relativistic energy-mass relation 



N 



n—1 n^ra 



with the respective non-relativistic equation of motion 



N 



^ V;on(r,t) 



2mn 



N 



^ V0n(l-,i) 



mo 



^^On(l-,i) 



where 



and 



Notice, Eqs. p4ip and p42p are indistinguishable from Eqs. p88p and (|289p . respectively. 



(341) 



(342) 



(343) 



(344) 



4.3. Physical properties of a composite particle based on the generalized energy-mass relation for the 

composite field 



1. The interaction energies and forces associated with the relativistic and non-relativistic interfering (cross- 
correlating) unit- fields 

The above-presented models (Sees. 4.1. and 4.2.) are based on the generalization of the energy-mass relation of 
the Einstein special relativity, where the kind of an elementary particle is characterized only by its mass. Section 4.2. 
has presented a composite particle of the Einstein special relativity as the composite field, where the unit-fields of the 
composite field do associate with the massive (mon — mo ^ 0) or mass-less (mon = mg = 0) elementary particles of 
the Einstein relativity. In the case of the relativistic composite field (j267p satisfying the condition 



^12, 21 — £0l£02 + £02£01i 



(345) 



the relativistic mass-energy relations (|27ip . p04p and p25p correspond to the relativistic energy- mass relation (|252p 
attributed to the two particles. If the the total cross-correlation term is given by 



^12,21 7^ £0l£02 + £02£01 



(346) 



then the comparison of the mass-energy relations (|27ip . (I304p and (|325p with the energy-mass relation (|252p indicates 
unambiguously existence of the interaction (non-zero cross-correlation) between the two unit-fields (particles). The 
further comparison of the total energy determining by the mass-energy relations (j27ip . (|304p and (|325p with the total 
energy (|254p or (|255p attributed to the interacting particles yields the total interaction (cross-correlation) energy 



£12,21 — (£oi + £o2 + ^12,21)"'"''^ — (£01 + £02), 



(347) 



where the total cross-correlation term 



iSi2,2i — 2£i2 — 2821 < £01 + £02 



(348) 
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is determined by Eqs. ((274)) . ((275)) . (|294)) . ([295)) . dSOT]) . (p08l) . (1328]) and (p29)) . The gradients of the interaction 
energies £12 and £21 attributed respectively to the first and second point-particles satisfy the relation 

£12 = £21 = (l/2)ei2,2i, (349) 

where £12,21 7^ is given by Eq. p47l) . The gradients of the interaction (cross-correlation) energies £12 and £21 
determining by Eqs. p47l) - p49l) automatically yield the relativistic interaction (cross-correlation) forces 

d 1 (9 

Fi2(ri,i) = -^^i2(|Ri2|,i) = -2^£i2,2i(|Ri2|,0 (350) 

and 

F2l(r2,t) = ^£2l(|Rl2U) - ^a^^l2,2l(|Rl2|,t), (351) 

acting respectively upon the first and second unit- fields (particles). The forces satisfy the relation 

Fi2(ri,i) = -F2i(r2,t). (352) 

It should be stressed that Eqs. (I347|) - (|352p are valid for both the strong-relativistic (eqi + £§2 ~ 1^^12.21) and 
weak-relativistic (^12,21 << £01 +£02) interactions. In the case of the weak-relativistic interaction, which is the typical 
situation in the most of physical experiments, Eq. p47l) simplifies to the equation 

£12.21 « (£01 - £01) + (£02 - £02) + (l/2)£i2,2i, (353) 
which yields the weak-relativistic interaction (cross-correlation) forces 

Fi2(ri,0 « -|^^fi2,2i(|Ri2M) (354) 

F2i(r2,t) « i^fi2,2i(|Ri2U), (355) 

The interaction between the 1st and 2nd interacting elementary unit-fields (particles) results into the attraction or 
repelling of the unit-fields (particles) characterizing by the interactive forces (I350p . (|35ip . (|354l) and (|355p that have 
the absolute values and directions. In the case of the negative values £i2(|r|,t), £2i(|r|,i), £i2(|r|.i) and £2i(|i"|,0; 
the interactive forces (|350l) . (|35T|) . (|354l) and (|355l) are attractive. The interactive forces (pBO| . (|MT|) . (|354l) and (pSSj) 
are repulsive if the cross-correlation parameters £i2(|r|,t), £2i(|r|,t), £i2(|r|,t) and £2i(|i"|,0 have the positive values. 
In Eqs. p47p - (I355p . one should not confuse the strong-relativistic and weak-relativistic interactions with the weak 
and strong interactions of SM. 

In the case of the non-relativistic composite field (j267p composed from the two interfering (cross-correlating) non- 
relativistic unit-fields, the comparison of the non-relativistic mass-energy relations (j282l) . (|315p and p35l) with the 
non-relativistic energy-mass relation (|254l) or (j255p attributed to the two interacting, non-relativistic particles yield 
the total non-relativistic cross-correlation (interaction) energy 

£12,21 = £12 +£12, (356) 

where the non-relativistic cross-correlation (interaction) energies £12 = (l/2)£i2.2i and £21 — (l/2)£i2,2i associated 
with the first and the second non-relativistic unit-fields (particles) are determined by the non-relativistic equations 
(1^ . (PST)) . pTUl) . ((5UT]) . (EUl), (15^ . (pg)) and (|MI1) . The non-relativistic interaction (cross-correlation) forces 
Fi2(r,t) and F2i(r, t) are determined by Eqs. (|350p - (|352[) . where the gradients of the interaction (cross-correlation) 
energies £12 and £21 are calculated by using the relations ((286)) . ((287| . (1300]) ((30T|) . ((3T9)) . ((320)) . ((359)) and (p40)) . 

The above presented analysis of the two interfering unit-fields (particles) is valid for any number N of the interfering 
unit-fields (particles) of the composite field (particle). In the case of > 2, one can easily demonstrate that Eqs. 
(|345p - (|356|) describe the interaction (cross-correlation) of unit-fields (particles) in the each pair of the unit-fields 
(particles). 



and 



2. The probability density, energy and effective number of the relativistic and non-relativistic interfering (cross- 
correlating) unit- fields and their connection with the Euler- Lagrange and Hamilton- J acoby formalisms 
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The interaction (cross-correlation) relations (|345p - (|356p have been derived by using the two equivalent versions 
of the model of a composite field (particle) ip{r,t) = V'On(r, i). The 1st and 2nd model versions are based 

on the straightforward generalization of the Einstein energy-mass relation for the interfering unit-fields by using 
respectively the 1st and 2nd derivatives of the unit-fields. The model versions have been presented also in the more 
general form by using the Euler-Lagrange formalism. In addition, it was demonstrated that the model versions can be 
easily rewritten in the frame of the Hamilton- Jacoby formalism by using the Hamiltonians of the unit-field V'on- 
It should be stressed that the Euler-Lagrange and Hamilton- Jacoby formalisms for the the single interference-free 
unit-field V'On(r,t) is based on the normalization 

ron^ond^'x = 1, (357) 

V 

which could give rise to the probabilistic ("Copenhagen quantum-mechanical") interpretation of the unit-field (unit- 
wave) ipon associated with the n-th single particle, where the value ipQnipon is interpreted as the probability density to 
find the single particle in the space-time point {r,t). In contrast to the wave- function ipQn{r,t) of the "Copenhagen" 
(canonical) quantum mechanics, the material composite field il'{r,t) = V'OTi(r,i) associated with the composite- 

particle mass and energy does really exist in the each spatiotemporal point (r, t) of the composite field. Moreover, the 
composite field ip{r,t) obeys the inequality 

/ V^d^a; ^ 1, (358) 
Jv 

which is not consistent with the normalization (j200p of the single interference-free unit-field V'On- Therefore the 
composite field ^ (composite particle) could not be associated with the fields (waves) of probability of the "Copenhagen" 
(canonical) quantum mechanics. The non-probabilistic interpretation of the composite field does not contradict to 
the traditional quantum field theories, which also do not use the concept of the fields (waves) of probability. 

Consider now the energy and number of the relativistic and non-relativistic interfering (cross-correlating) unit-fields 
and their connection with the Hamilton formalism of Part I of the present study. In the relativistic case, the relativistic 
Hamiltonian "Hqi of a unit-field (particle) is associated with the unit-field energy squared: 

Hoi=e^i, (359) 

where Eqi = ^ai + ™oi- The relativistic Hamiltonian H of the composite field (particle) composed from the N 
unit-fields (particles) is attributed to the total field- energy squared: 

■H = e^ (360) 

where 

n— 1 n^m 



and 



J2el„ + £„™, (362) 

n=l n^m 



(363) 



— ^nm (364) 



Here, the values eg„ are calculated by using Eqs. (|279p . (I296p . pi2l) and p32l) . where the cross-correlation term 

is determined by Eqs. (I280|) . (|297|) . piSp and (|333p . One can easily demonstrate that the physical parameters of the 

interfering relativistic unit-fields (particles) are described by the energy e in the energy interval 

< e < iVeoi (365) 



88 



with the particle relativistic energy Sqi = [Icqj^ + mgj^]^/^ and the efTective number = e/eoi of particles in the 
number interval 

0<M <N. (366) 

If the relativistic identical unit-fields add coherently, then the composite-field energy and effective number of the 
unit-fields do scale as the number of unit-fields (particles): 

e = Nsoi (367) 

and 

TV = TV. (368) 

In the non-relativistic case, the non-relativistic Hamiltonian Hqi of a unit-field (particle) is attributed to the unit-field 
energy: 

Hoi = £oi, (369) 

where the the non-relativistic particle energy Eqi is given by Eq. p9ip as eoi = 2moi ~^ ™oi- The non-relativistic 
Hamiltonian H of the composite field (particle) composed from the N unit-fields (particles) is attributed to the total 

field- energy 



with 



and 



n = e (370) 



JV N^-N 

'H ~ ''^^Hnn + 'Hnrrn (371) 

n— 1 n^m 

N N'^-N 

£ = £0n + £nrm (372) 

n— 1 n^m 

T~Lnn = £Ora (373) 



"^nm — £nm^ 

(374) 



where the unit-field energy is determined by Eqs. (|290p . (|302p . (13231) and p43p . where the cross-correlation 
(interaction) energy Snm is calculated by using Eqs. (|29ip . p03p . (|324p and p44l) . The energy of the cross-correlating 
non-relativistic unit-fields is then given by 

< -H < iV^eoi (375) 

1(.2 

with the particle energy sm = ^^li "^oi ^'^'^ respective effective number 

< TV < TV^ (376) 

of the unit-fields (particles). If the identical unit-fields add coherently, then the composite- field energy and effective 
number of the unit-fields do scale as the number of unit-fields (particles) squared: 

e = TV^eoi (377) 

and 

J\f=N^. (378) 
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Notice, the squares of energy, momentum and mass of the degenerate, composite field ip{r,t) = Ntpoi{r,t) associated 
with the degenerate, composite particle is given respectively by = N'^Eq^, = TV^kg and = N'^mgi, where 
Eqi — \i.Qi + TOq]^. The energy s — Nsqi, momentum k — -/Vkpi and mass m — iVrngi of the degenerate field (particle) 
is similar to the energy and momentum of the N bosons of the global infinite field of bosons describing by the 
Klein-Gordon-Fock equation of quantum field theory. 

Part I of the present study has used the Hamiltonian-energy relation H = e{k) of the traditional quantum field theory, 
where the relativistic Hamiltonian Hqi is associated with the relativistic particle energy as "Hoi = ^oi = (kgi +r7iQ]^)^/^. 
In such a case, the relativistic Hamiltonian H of the field composed from the N unit-fields (particles) is associated 

with the field total energy, e ~ H ~ X^^lLi + Y^n^^'^n' '^nm- The energy of the cross-correlating unit-fields is 
then satisfy the inequality < H < A^^Eqi with the respective effective number < A/" < iV^ of the unit-fields 
(particles), where Eqi = (kgj^ -I- TOqj^)^^^. It is clear now that the relations ^373^ and ^37^, which have been derived 
in Part I for the relativistic [eon = O^on + '^On)"'^^^/ unit-fields by using the traditional quantum field theory, are valid 
only for the non-relativistic /feon ~ (^on/^'Tton) + rnon] unit-fields. The relativistic unit-fields (particles) should obey 
the relativistic relations (|363p and p64p . which are completely different from the non-relativistic relations (|373p and 
(|374p . That also means that the total energy e of the composite field (particle) composed from the N relativistic or 
non-relativistic unit-fields (elementary particles) does not overcome the relativistic limit: 

e<N{kl,-hml,)^/\ (379) 

It can be mentioned again that the above-presented relativistic equations based on the relativistic energy eon = 
(kQ„ -I- mQ„)^/^ are considerably simplified in the case of the mass- less (mo„ — 0) unit- fields associated with the 
mass-less (won = 0) particles. While the non-relativistic equations based on the non-relativistic approximation 
Eon ~ (kg„/2mon) + mgn do not have any physical meaning for the mass- less unit-fields (particles). 

3. The physical interpretation of the effective number of the unit- fields (particles) : The normal and virtual unit-fields 
(elementary particles) 

The physical interpretation of the effective number Af = e/eoi of the N interference- less unit-fields (particles) is 
very simple: 

N. (380) 

The physical meaning of the effective number of the N interfering (cross-correlating) unit-fields is more complicated. 
For the sake of simplicity let me first interpret the number of particles in the case of the composite field (particle) 
composed from the two interfering (interacting) unit-fields. The energy-mass relation for the composite relativistic 
field is given by Eqs. pTTI) . (p04l) and ((3251) as 

e2 = egi+ 6^2 +^12 + ^21, (381) 

where the cross-correlation terms £12 and £21 are determined by the relativistic equations ()274[) . ()275p . (|294|) . (|295p . 
(|307p . (|308p . (|328p and (|329p . For the composite non-relativistic field, the energy- mass relation is given by Eqs. (j282|) . 
(piS]) and (1233 as 

£ = eoi + £02 + £12 + £21, (382) 

where the non-relativistic cross-correlation (interaction) energies £12 and £21 are determined by the non-relativistic 
equations ([286| . ([287ll . ((3001) . fSOT]) . ((3T9l) . ((320| . ((339)) and piO]) . According to the Einstein special relativity the 
energies £01 and £02 in the non-relativistic relation pSip could be attributed to the matter of the 1st and 2nd non- 
relativistic unit- fields (elementary particles). Correspondingly, the energies £21 and £21 could be attributed, at least 
formally, to the matter of the 3rd and 4th non-relativistic unit-fields (particles) of interaction. The 3rd and 4th 
non-relativistic unit-fields (particles) of interaction, which are attributed to the interaction of the 1st and 2nd non- 
relativistic unit-fields (elementary particles), could be interpreted as the carriers of the non-relativistic interaction 
(force). The 3rd and 4th unit- fields (particles) of interaction are the virtual unit- fields (particles) because they 
are created and exist only in the exchange (interaction) process. In other words, the interaction between the 1st 
and 2nd interacting (interfering) normal unit-fields (particles) could be considered as being caused (mediated) by 
the simultaneous emission and absorption (virtual exchange) of the 3rd and 4th virtual unit- fields (particles) of 
interaction. The exchange of 3rd and 4th virtual unit-fields (particles) of interaction does transport momentum 
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and energy between the 1st and 2nd normal unit-fields (elementary particles) , thereby changing their momentum and 
energy. The interaction results into the attraction or repelling of the 1st and 2nd non-relativistic interacting elementary 
unit-fields (particles) characterizing by the interactive force that has the absolute value and direction. The interaction 
may be interpreted also in the frame of the perturbation approximation of the traditional quantum field theory as 
follows. From a point of view of the energy, a point-like elementary particle and the unit-wave associated with this 
particle are equivalent (indistinguishable) objects (Sec. 3). Therefore the 1st and 2nd elementary point-particles 
separated by the vacuum attract or repel each other by the force mediating by the virtual exchange of the 3rd and 
4th virtual point-particles of interaction through the vacuum. The interpretation of the relativistic relation pSip 
is quite similar to the above-considered non-relativistic equation ([382]). The energies squared Eqi and £92 could be 
attributed to the matter of the 1st and 2nd relativistic normal unit-fields (elementary particles). The cross-correlation 
terms E12 and f 21 could be attributed to the matter of the 3st and 4th relativistic virtual unit-fields (particles) of the 
relativistic interaction. Thus the relativistic interaction between the two normal, relativistic unit-fields (elementary 
particles) could be considered (interpreted) as the interplay of the four unit- fields (particles), where the composite 
field (particle) is composed from the 1st and 2nd normal, relativistic unit- fields (elementary particles) and the 3rd 
and 4th virtual, relativistic unit-fields (elementary particles). The effective number N of the interacting unit-fields 
(particles) in the interval p66p or p76p has been obtained by comparison of the total energy e of the composite 
field (particle) with the energies Eqi and £02 of the 1st and 2nd identical (£01 — £02) normal unit-fields (elementary 
particles): Af = £/£oi in the interval 0<7V<iVorO<A/'<iV^foriV = 2. Although the eflFective number TV 
of the interfering unit-fields (interacting particles) is different from the number {four) of the interplaying unit-fields 
(particles), the two interpretations describe the same physical process, namely the interference (interaction) of the 
two {N ~ 2) elementary particles. One can easily extend the above-presented analysis to the multi-particle [N > 2) 
system. In such a case, the each pair of the normal unit-fields (elementary particles) is associated with the pair of 
virtual unit-fields ( elementary particles ), while the effective number Af of the interacting unit- fields (particles) is given 
by TV = £/£oi in the interval < TV < TV or < TV < A^^ fo^. ^ > 2. 

4. The energy conservation and the non- conservation of mass and number of the normal and virtual unit-fields 
(elementary particles) : Annihilation of unit-fields (elementary particles) 

For the two normal interfering unit- fields (interacting elementary particles) , the energy conservation law applied to 
Eqs. (|38ip and p82p is given respectively by the relations 

£01 W + £02(0 + £i2{t) + £2i{t) = eli{t') + el^it') + £i2{t') + £2i(t') (383) 

and 

£oi{t) + £o2(i) + £12(0 + £2i(i) = £oi(i') + £02(i') + £i2{t') + £2i(t') (384) 

for the relativistic and non-relativistic unit-fields (particles). Here, the left- and right-hand sides of Eq. (|383p are 
the squares of total energies of the interfering relativistic unit- fields (particles) at the time moments t and t' {t' > t) , 
respectively. While, the left- and right-hand sides of Eq. p84p describe the total energies of the interfering non- 
relativistic unit-fields at the time moments t and t' , respectively. From the point of view of the energy, Eqs. p83p and 
(I384p describe the interplay of the four unit-fields (particles), namely the 1st and 2nd normal unit- fields (elementary 
particles) and 3rd and 4th virtual unit-fields (elementary particles) . The relativistic equation (I383P describe the energy 
conservation of the four unit- fields (particles) associated with the massive and/or mass-less unit- fields (particles). For 
an example, the left- and right-hand sides of Eq. p83p may be associated respectively with the massive and mass- 
less unit- fields (particles). In such a case, the mass of the 1st and 2nd normal unit-fields (elementary particles) do 
annihilate and then converted into the energy of the mass-less particles. If the left- and right-hand sides of Eq. 
P83l) are attributed respectively to the mass- less and massive unit-fields (particles), then the energy of the mass- less 
particles converts into the mass-energy of the massive unit- fields (particles). It should be stressed that the non- 
relativistic equation p84p based on the non-relativistic approximation Equ ~ (kQ„/2mo,i) + mon does not have any 
physical meaning for the mass-less unit-fields (particles). In the case of Si2{t') = £2i{t') = or £i2(i') = £2i(i') = 0, 
the 3rd and 4th virtual unit-fields (elementary particles) disappear: 

£01 it) + £02 (t) + £12 it) + £21 it) = el, (f) + £§2 it') (385) 

and 



soiit) + £o2(i) + £i2(i) + £21(0 = £oi(^') + £02it'). 



(386) 
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In other words, the 3rd and 4th virtual unit-fields (particles) do annihilate and the respective virtual energies and 
masses convert into the normal energies and masses of the 1st and 2nd normal unit- fields (particles). The cross- 
correlation terms [£i2{t') and £2i{t')] and the cross-correlation energies [ei2(i') and £2i(i')] do vanish in the two 
typical composite systems. The first system corresponds to the 1st and 2nd unit-fields, which are orthogonal in the 
Hilbert space. Such unit-fields correspond to the eigensolutions of the equations of motion of the composite system. In 
the second system, the 1st and 2nd unit-fields (particles) are separated by the infinite distance. The above-presented 
analysis can be easily extended to the mult i- particle (A^ > 2) system. In such a case, the each pair of the normal 
unit-fields (elementary particles) is associated with the pair of virtual unit-fields (elementary particles) . 

5. Global {N — >■ oo) Composite Field associated with the Universe of Einstein's elementary particles 

In the above-presented conceptual picture of the unit-fields (elementary particles) combining the basic physical 
conceptions of canonical quantum mechanics with the special relativity, the Global Composite Field composed from 
the unit- fields associated with the all {N — >■ oo) elementary particles of the Einstein special relativity could be 
considered as the Global Composite Field of the Einstein Universe. In such a picture, the Global Composite Field 



attributed to the Global Composite Particle is composed from the interfering or non-interfering material unit-fields 
associated with the material elementary particles of the Einstein special relativity. The elementary particle of the 
Global Composite Field is associated with the " field quanta" (unit-field) . The unit-field (quanta of energy- matter) of 
the Global Composite Field is assumed not to be made up of smaller unit-fields (elementary particles) . 

Let me indicate the formal and conceptual differences between the formulation of the Global Quantum (Composite) 
Field (|387|) and the modeling of the Fundamental Non-Quantum Fields and the Fundamental Quantum Fields of 
Operators associated with the fundamental (electromagnetic, weak and strong) interactions of the traditional quantum 
field theories and SM. The present model follows the scheme [a unit-field (particle) — > Global Quantum (Composite) 
Field ], while the traditional quantum field theories and SM follow the inverse approach [Fundamental Non- Quantum 
Field — >■ a particle]. In other words, the present model of the Global Quantum Field ^'(r, <) of the Einstein Universe 
begins with determination of a "field quanta", namely formulation of a single unit-field V'on(r,<) and its equation of 
motion by using the generalization of the Einstein energy-mass relation. That is different from the canonical approach 
(formulation) of traditional quantum field theories and SM, which first look for the Fundamental Non-Quantum Field 
and its Lagrangian (Hamiltonian) by postulating a set of symmetries of the Field Lagrangian (Hamiltonian) and then 
construct the Fundamental Quantum Field of Operators determining the fundamental elementary particle ("field 
quanta"). Indeed, in the traditional quantum field theories and SM, the fundamental elementary particles of the 
Fundamental Non-Quantum Fields ^i{r,t) associated with the three fundamental [electromagnetic {i = 1), weak 
{i = 2) and strong (z = 3)] interactions are found by using the Dirac secondary quantization procedure based on the 
formal replacement of the Fundamental Non-Quantum Field \I'i(r, i) by the Operator of Fundamental Field 5'i(r,i) 
composed from the creation (ajp^) and destruction (a^ on) operators of the respective (i-th) fundamental elementary 
particle. The present model deals with the one unified field [Global Quantum Field 5'(r,f)] composed from the unit- 
fields (particles), while the traditional quantum field theories and SM consider the six fundamental fields, namely the 
three Fundamental Non-quantum Fields \['i(r,t) and the three Fundamental Quantum Fields of Operators ^i{r,t). 
Here, one should not confuse the Global Quantum Field (|387p of the present model, which is not a field of operators, 
with the Fundamental Quantum Field of Operators of the traditional quantum field theories and SM. 

The conceptual difference between the approach (formulation) of the present model and the traditional quantum 
field theories and SM could be illustrated by the following concrete example. Formally, Eqs. (|190p and (|227l) look 
like the Klein-Gordon-Fock equation of the relativistic quantum field theory and SM. However, in contrast to the 
Klcin-Gordon-Fock equation describing the Infinite Non-quantum Field ^'sB(r,t) of Particles (Scalar Bosons), Eqs. 
()190|) and (|227p are formulated and interpreted in the present model as the single-particle relativistic equation for 
the unit-fields ■!/'On(r,f) of the Global Composite Field (|387|) . which is similar to the Schrodinger equation for the 
de Broglie wave of the matter associated with a non-relativistic particle. In the traditional quantum field theories 
and SM, the Infinite Non-quantum Fields ^'5B(r, i) and ^'^g(r,t) placed into the Infinite {V — > oo) Resonator of 
Universe, are given by the Fourier discrete (modal) decompositions that satisfies the Klein-Gordon-Fock equation of 



N^oo 




(387) 
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motion with the boundary conditions of the Universe Resonator: 

^SB= (2^^£kJ-'/'(ak,.e-'''"'- + 6k„e^'^"--) (388) 

and 

N->oo 

*5B= E (2^^k„)-'/'(ak„e'''""" + 6k„e-'''"''), (389) 

where ek„ = CL'k„ = (k„^ + m^)^/^ is the Planck-Einstein energy of the n-th boson, which has the discrete (quantum) 
wave-number ([243]) and frequency (j244p with n — m = I due to the quantization imposed by the boundary conditions. 
Notice, the different resonator modes associated with the different particles are orthogonal in the Hilbert space, 
providing the interference-less and interaction less behavior of the different modes and particles. In other words, 
the Infinite Non-quantum Fields "^sB{Y^t) and ^^^(r, t), in fact, are the Infinite Quantum Fields, with the hidden 
quantization provided by the use of the Universe Resonator. The secondary quantization of the fields (I388P and (|389p 
yields the Infinite Quantum Fields of Operators (Infinite Quantum Field-Operators): 

J2 (21^£kJ"'/'(ak„e-"'"-- + 6[^e"^"--) (390) 

n,=l 



JV->-oo 

(2V^ekJ-^/'(4„e*""" + ^k„e-'''"'-). (391) 

71=1 

are respectively the creation and destruction operators for the n-th particle 
(boson) and the n-th antiparticle (antiboson) inside the Resonator of Universe. The interference-less and interaction 
less behavior of the resonator-mode operators associated with the particles is provided by the canonical commutation 
relations [afe„,a^ ] = [bknib^, ] = 5nm for the bosons and antibosons (the other operator pairs commute). Here, 
is the Kronecker symbol. The details and interpretations of the Infinite Non-quantum Fields p88p and p89p and 
the Infinite Quantum Fields of Operators p90p and p9ip have been presented in Sec. 2.1.2. of Part I. Although the 
Global Quantum Field p87l) of the present model is somewhat similar to the Infinite Non-quantum Fields p88p and 
(|389p and the Infinite Quantum Fields of Operators p90l) and (|39ip of the traditional quantum field theories and 
SM, the Global Quantum Field is not a Field of Operators and its quantization does not require the resonator-like 
boundaries of Universe. Furthermore, the Global Quantum Field (I387P describes both the interacting (interfering) and 
non-interacting (interference-free) unit-fields associated with the elementary particles of the Einstein special relativity, 
while the Infinite Non-quantum Fields (I388P and p89p and the Infinite Quantum Fields of Operators (I390p and p9ip 
deal with the particles of the very particular kind (scalar bosons). 



and 

The operators aj^^, ak„, ^k^, and 5k„ 



5. SUBSTRUCTURES OF A UNIT-FIELD ASSOCIATED WITH FUNDAMENTAL (GRAVITATIONAL, 
ELECTROMAGNETIC, WEAK AND STRONG) FIELDS: THE GENERATOR AND ASSOCIATE 

COMPONENTS OF THE UNIT-FIELD 

Equations (|183p - p87p do not indicate the dependence of the single unit-field Von and its energy £o„ on the 
intrinsic angular- momentum (spin) and charge of the unit-filed (particle). Indeed, the unit-field 'ijjon is determined 
as the solution of the equation of motion (|190p or (|227p with the initial and boundary conditions imposed, which 
do not contain the spin and charge of the particle. In other words, the unit-field depends solely on the particle 
rest-mass mo, which could be considered as the particular initial conditions of Eqs. (|190p and (|227p . In Eqs. I|183p 
- p87p . one could distinguish the massive (mo„ ^ 0) and mass- less (mon — 0) unit-fields V'On- The unit- fields ipon 
corresponding to the solutions of Eq. (|190p or (|227l) with the rest-masses TOon 7^ could be considered as the massive 
unit-fields associated with the massive particles. The unit-fields ■0On determining by the equations ()197p and (I228P 
correspond to the mass- less unit-fields ( particles). The different configurations of a unit-field ■0On corresponding to the 
different solutions of Eq. (|190p or (|227p for the given rest-mass mon of the n-th particle are attributed to the different 
momentums ko„ of the particle. In such a case, the model describe the interfering (interacting) and non-interfering 



93 



(non-interacting) unit-fields i/jQn of Global Composite Field p87|) attributed to the elementary particles of Einstein's 
special relativity in the general form, which does not indicate the kind ( type ) of the unit- field (elementary particle) . 
The description could be considered as the unified model of the unified unit- field (particle). In the unified model 
[Eqs. (I183p - p87p ]. a unified unit- field ipon does associate with the n-th unified point-particle of Einstein's special 
relativity that does not has a substructure. In other words, the unified unit-field ipon is considered as the 4-dimensional 
structure-less object in the space-time, namely as a structure-less quanta of energy-matter of the Global Unified Field 
(|387p . Naturally, the appropriate substructure (internal structure) of the unit-field ipon associated with the respective 
kind of an elementary particle of the Universe could determine the four fundamental (gravitational, electromagnetic, 
weak and strong) interactions, forces and energies of the Nature. 

The appropriate structuring of the unit- field V'on is not a very simple problem. The internal substructure of the unit- 
field 'ijjQn should determine the kind of the elementary particle and its energy in agreement with the four fundamental 
{gravitational, electromagnetic, weak and strong) interactions, forces and energies associated with the rest-masses, 
intrinsic angular momentums (spins) and charges of the respective kinds of elementary particles. An analysis shows 
that the unit-field ipon should be separated (divided) into the substructures as follows. The structuring of the unified 
unit-field ipon could be presented in general form as the indivisible connection 

4 

V'On = 'ipQn{(f>Gn + (f>En + 4>Wn + 0Sn) = ''/'On X! '^■f" 

1=1 

of the unit-field generator ipQn with the gravitational {<j)Qn), electric {(pEn), weak {(pwn) and strong {(j)sn) associate- 
components [ACs) of the unit-field. The four unit-field components tpan4>in are attributed to the four fundamental 
[gravitational (I—l), electromagnetic (1=2), weak (/=3) and strong (/=4)] fields characterized by the respective 
masses, charges and spins. In the case of 't'ln = Ij the structure-less unified unit-field ipon attributed to the 

n-th unified elementary particle is indistinguishable from the unit-field generator ipon (for comparison, see the relevant 
examples in Sec. I of the present study). If the generator ipon of the unit-field component 4'0n4'in vanishes, then 
the unit-field component disappear {ipon4'in = 0). That means that the associate-component 0/„ of the unit-field 
structure iponfj^in is the secondary object, which is indivisibly connected with the unit-field generator ■0On- The use 
of the structured unit-field p92p instead of the structure-less unified unit-field ipon yields the four- component version 
of the unified model [Eqs. (|183p - (|387p ]. If the unit-field associating with an elementary particle does not obey 
some fundamental interaction properties due to the absence of some associate-components attributed to the rest- 
mass, charge or spin, then the unit-field structure simplifies to the one-, two- or three-component unit-field. The 
use of the one-, two-, three- or four-component unit- field instead of the structure-less unified unit-field naturally 
yields the one-, two-, three or four- component version (sub- model) of the unified model [Eqs. (|183p - (|387p ]. The 
associate-components (pin may be interpreted as the four "dressings" of the unit- field genevator ipon- In such a picture, 
the unit- field generator 7/;on is a "carrier" of these "dressings" characterizing by the respective masses, charges and 
spins, which are responsible for the four fundamental [gravitational, electromagnetic, weak and strong] fields and 
interactions. 

Although the unit-field representation (j392p could be somewhat strange for the non-experts in the quantum fields 
and SM, the representation reflects just a fact that the gravitational, electromagnetic, weak and strong fields satisfy 
the superposition principle. Notice, the alternative representation [ipon — iponi4'Gn4>En4'Wn4'Sn)] of the unit-field ipon 
results into incorrect vanishing of the unit-field in the region of the space-time, where one of the associate-components 
does vanish, while other ACs do not. The gravitational, electromagnetic, weak and strong fields have different physical 
natures. In order to separate the physical natures of the unit-field associate-components (ACs) from each other, any 
mathematical product of the cross-correlation between the associate components of the different natures is assumed 
to be equal to zero. In other words, one should suppose that the associate components and (j)jn should satisfy 
the orthogonality-like gauge (restriction): 

(plnPjn = (plnPjjiSlJ, (393) 

where Sij is the Kronecker delta. Respectively, the values like V 4>in^ 4>jn and 4>in4'Jn should be also vanished 
(y4>in'^4>jn = '^4>in'^4'Jn6ij and 4>in4>jn = 4> I n4> J nS ij) for I ^ J . The orthogonality-likc gauge l|393p . which could 
be mathematically interpreted as the orthogonality of the associate-components in the Hilbert (mathematical) space, 
will be used in the following sections to exclude the cross-correlation (interference) between the associate components 
of different physical natures in the physical space-time. Mathematically, the orthogonality-like gauge ([393]) means 
that the four ACs may be formally represented as the components of the four- vector or the four-component one- 
column (one-row) matrix in the Hilbert space. Such a mathematical representation is relevant, for instance, to the 
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Pauly and Dirac matrices in quantum physics and the tensor formahsm in Einstein's relativity, which exclude the 
cross-correlation (interference) of the different components of the n- vector or the n-component one-column (one-row) 
matrix. Nevertheless, for the sake of mathematical simplicity, instead of the aforementioned mathematical formalisms 
I will use the representation p92p together with the orthogonality-like gauges (restrictions) imposed on the unit-field 
generator ipon and the associate-components In order to satisfy the physical properties of the experimentally 

observed elementary particles, the unit-field generator and associate-components should be calibrated (fixed) by the 
additional restriction (gauge) conditions, which will be presented in the following sections. 

5.1. The one-component unit-field associated with the gravitational, electromagnetic, weak or strong ACs 

The one-component unit-field (particle) with the pure gravitational, electric, weak or strong associate-component 
{AC) is described by the respective one-component sub-model, which is based on the use of the one-component 
unit-field V'on = ''Ponft'in determined by the equation 

V'On = 'lpOn(pGn = '4'0n4'ln, (394) 

V'On = i>0n4>En = '0On02n, (395) 

TpQn = V'On'Awn = V'On^Sn, (396) 

or 

^/'On = '^On'/'Sn = l/'On04n, (397) 

which is associated respectively with the pure gravitation, electromagnetism, weak interaction or strong interaction. 
Naturally, the unit-fields p94l) - (|397p are described by the unified model [Eqs. (I183|) - (|387|) ]. in which the structure- 
less unified unit-field V'On is replaced by the one-component structured unit-field ij}Qn = i^Onipin, where / = 1, 2 3 or 
4. The new equations for the unit-fields (j394p - (j397p would be distinguished from each other only by the index /. In 
other words, the mathematical background of description of the one-component unit-fields is completely unified. The 
different physical properties of the pure gravitational {1=1), electromagnetic {1=2), weak (/=3) and strong {1=4) 
unit-fields (particles) are attributed to the different properties of the gravitational {(j)in), electromagnetic {4>2n), weak 
(03n) and strong {(pin) associate-components of the unit-field. Therefore the gravitational, electric, weak and strong 
associate-components (ACs) of the unit-field should be considered as the mediators of the respective interactions and 
forces, while the unit-field generator ipon should be interpreted as a "carrier" of these ACs. It is not necessary to 
present the all new equations corresponding to Eqs. (I183P - <\387^ . Let me show only the equations, which determine 
the most basic physical properties of the pure gravitational, electromagnetic, weak or strong fields, particles and 
interactions. 

5.1.1. The energy-mass relation and equation of motion for the single one-component unit-field with the pure gravitational, 
electromagnetic, weak or strong AC: The one-component unit-field gauges 



1. The model Ist-version based on the straightforward generalization of the Einstein energy-mass relation for the 
single one- component unit- field by using the 2nd derivatives 

The generalized energy-mass relation for the n-th one-component relativistic unit-field [ p94p - (|397p ] is given by 
Eq. (fT85l) as 

eln - \ j^IPL (-^On - VVon + mln^On) d^X, (398) 

where '0On = ^On4>in. The respective relativistic equation of motion, which is given by Eq. (|190p as 

□V'On + TOqV'o™ = 0, (399) 
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yields the one general equation of motion 

0/« (□'/'On + mllpon) + ll>0nO(l)ln + 'iii^Qrihn " 2VVio„V^/„ = (400) 

for the unit-field generator ■0on and associate-component 

Some solutions of the general equation (j400l) correspond to the unit-fields (elementary particles) with the phys- 
ical properties, which have not been observed experimentally. In order to select the solutions satisfying only the 
experimentally observed properties of the elementary particles, the field generator ipQ^ a-nd the associate-component 
should be calibrated (fixed) by the additional restriction (gauge) conditions. Such a procedure is similar to the 
procedure of fixing a field gauge in the traditional field theories. An analysis of the consequences that follow from 
the use of different calibrations (gauges) of the unit-field generator ipQ^ and the associate-component suggests the 
following two gauges. The first calibration (static gauge) 

= (401) 

means that the associate-component (/>/„ is static one. The second restriction (gauge) 

i^Onhn - VVionV0/„ = (402) 

should be attributed to the orthogonality of the gradients V'f/'on and V0/„ in the Hilbert (mathematical) space, which 
means that the gradients V'f/'on and V0/„ do not cross-correlate (interfere) in the physical space-time. The procedure 
of fixing the gauges (|40ip and (|402p in Eq. (j400l) yields the simpler equation of motion 

0/„(ni/jo„ + rnl'4)0n) + 1pOn'^^(f>In = 0. (403) 

In addition to the gauges (|40ip and (|402p . one may use the Laplace gauge 

V^hn = (404) 

or the Helmholtz (eigen) gauge 

V20j„ + Tj„(f>jn = (405) 

imposed on the associate-component 0/„ by the Laplace (j404l) or Helmholtz (|405p equation. The equation (j403l) with 
the gauge (I404p or (|405p imposed on the unit-field j4C yields the respective equation for the unit-field generator ipQn- 

Di^on + ml^on = (406) 



□V^on + (ml + rDV^On = 0. (407) 

In Eqs. (I405p and (I407p . which depend on the eigen parameter T^„, the value Tjn can be the real (F/n = |r/n|) 
or imaginary (F/n = i|r/„|) value. The equation (|406l) describes a unit-field (particle) with the mass uiq, while Eq. 
(|407p corresponds to a unit-field (particle) with the mass 

(mg -I- r2„)i/2. Naturally, Eqs. (0011) and dM]) should 
describe the unit-fields (elementary particles) whose physical properties are different from the unit-fields (elementary 
particles) describing by Eqs. (|405p and (j407p . The unit-fields (particles) with the different physical properties could 
be considered as the unit-fields (particles) of different kinds. Notice, Eqs. (|406p and (j407l) are coupled to the associate- 
component (j>oi, whose configuration is determining respectively by Eq. (|404p or (|405p . only through the orthogonality 
condition (|402p . If the eigen-parameter Fj^ = 0, then Eqs. (|404p and (|405p are indistinguishable from each other. 
In such a case, the equations (|406p and (|407p are equivalent. In other words they describe the same unit-field with 
the particle mass mo. That means Eqs. (|404p and (|406p are the particular cases of the general equations (|405p and 
(|407)) . In addition, one should describe properties of the mass-less unit-fields (particles), which have the zero rest-mass 
(toq — 0) with the respective energy-mass relation Eq^ — ko„. The mass-less, one-component unit-fields (particles) 
are described simply by Eq. ()400p with the rest mass toq = 0, which has the form 0/„n?/'on + tpOnD(j)in = 0. 
The unit-fields that satisfy this equation have the structure-less form (I235P of the the time-harmonic plane waves 
-0o„(r,t) = i}onir,t)(j)in{r,t) = ao„e*(''«"'"-^""*) with the generator iJon{r,t) = ^/a^e*(['"'"/^I'"-[''0"/2]t) ^^^^ associate- 
component 07„(r,t) — ^aQ„e*^[''''"/^l''~['^""/^I*-' that are indistinguishable from each other. In contrast to the massive 
unit-fields (particles), which obey the time-independent ACs {(pin = 0), the mass- less unit-fields particles have the 
time- dependent ACs {pin 7^ 0). In such a case the gauge (j402p provides the balance between the temporal and spatial 
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variations of the unit-field. Notice, in the case of J2i=i 'Pin = 1; the structure-less unified unit-field ipon attributed 
to the n-th unified elementary particle is indistinguishable from the unit-field generator -^on (for comparison, see Eq. 
P92l) and the relevant examples in Sec. I of the present study). 

The use of the gauges (|40ip and (|402p in the general equation (|398p yields the unit-field energy squared as 



-On 



(f'lnd X, 



(408) 



where the unit- field generator tpQn is a solution of Eq. (|406p or (|407p , while the unit-field associate-component is 
a solution of Eq. (|404p or (I405p . respectively. The well-known stationary solutions of Eqs. (|406p and (|407p are given 
by the time-harmonic plane waves 



iponir^t) = aone 



i(ko„r-eont+an) 



(409) 



of the form (|235p with the phase a„ 7^ 0. Such solutions are also called the plane waves or the de Broglie waves. In the 
case of the unit-field with the generator (|409l) and the associate-component (/)/„ calibrated by the Laplace equation 
(|404p . the unit-field energy squared is given by the (|408p as 



-On 



= (ko„ + ml 



■4'Qn'4'On<l>In<l>Ind^X = 



(410) 



where the value £g„ does not depend on the unit-field generator phase q;„. The square of energy (|410p of the one- 
component unit-field is consistent with the Einstein energy-mass relations Eg = k§ -I- and Eg = kg for the mas- 
sive and mass-less particles of the Einstein special relativity under the normalization (j200l) . which here is given 
by Jy'tlj^j^^pon<f>*in4'ind^x = (l)*j^(j)ind^ X — 1. For the unit-field with the generator (I409P and the associate- 

component (/>/„ calibrated by the Helmholtz equation (|405p . the unit- field energy squared is given by the (j408l) as 

£0n = \ [£0« + (ko„ + {ml + rj„))] jj}l^^0ri4>*In(I^Ind^X = 

= [ko„ + [ml + rij] / ^*Jon<l>*In'I^Ind^X, (411) 

Jv 

which is in agreement with the Einstein energy- mass relation Eq = kg^ + (m§ + r|„) for a particle of the mass 
{ml +r|„)^/^ under the above-mentioned normalization ()200p . The additional (gauge) mass Tin could be attributed 
to the mass of of the unit-field (particle). In the case of the AC calibrated by the gauge (|405p with F/n = 0, the 
gauge mass Tjn of the is equal to zero. Since the value eg„ > 0, the unit- fields (particles) with the parameters 
E/n = i|F/„| under the condition |F/„| > mg could exist only as the moving ([kg^ + (mg — |F/„p)] > 0) unit-fields 
(particles). 

In the case of a non-relativistic unit-field [ p94p - p97p ] calibrated by Eqs. (|40ip and (|402p with the generator (|409p 
and the associate-component </>/„ calibrated by the Laplace equation (|404p . the non-relativistic energy- mass relation 
()192p yields the equation 



£0n 



f k- 



2 

On 



V ^'Tig 
_ ( 

\2mo 



mg 



mg 



■4'0ni'0n<l>*In<l>Ind^X = 
'ipOni^On(l>*In(f>Ind^X, 



(412) 



which is consistent with with the Einstein energy-mass relation eg 2^ + "^0 for a non-relativistic (Newton) particle 
under the normalization (|200l) . The equation of non-relativistic motion (|195p 



iip, 



On 



2mg 



V Vg„ + TOoV'O 71 



with the aforementioned calibrations yields the non-relativistic equation 

1 



2mo 



(413) 



(414) 
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for the unit-field generator?/)o„ coupled to the associate-component 0/„ only through the orthogonality gauge (j402l) . 
For the stationary unit- field generator ijjon, Eq. (j414p yields the Schrodinger stationary equation 

eV-on = -IS— V^V^On, (415) 

ZTOo 



where e = £on — "lo- The use of the gauge (|405p instead (|404p yields the non-relativistic equation of motion 

ZniQ \ ZnriQ 



4on = -7r—^^i'On+(mo + ^]^Pon (416) 



with the non-relativistic energy 

eO« = \ eon + f ^ + ( + ^ ) ) / ^'L^On(l)*In^In<i^X 



( On , / , ^ /n 



V 



On I ™ I In \ I „;,* j,* j, j3 



„ . "^0 + TT^ / V^o*n^On0L</'/nrf'a;: (417) 

which is consistent with with the Einstein energy-mass relation 2^ + ( ™o + ) f*-"^ ^ non-relativistic (Newton) 

particle of the mass ('^10+ 2;^) under the normalization (|200p . For the stationary conditions, Eq. (14161) is 
presented as the Schrodinger stationary equation 

eV'on = --^V^V^on, (418) 

ZTOo 

where e = eon— + ■ The physical properties of the non-relativistic unit-field (elementary particle) describing 

by Eqs. (|412p - ()415p are different from the respective Eqs. (|416p - (j418p . That means that the equations describe 
the non-relativistic unit-fields (particles) of different kind. 

2. The model 2-nd-version based on the generalization of the Einstein energy-mass relation for the one-component 
unit-field by using the Euler- Lagrange formalism and the 2nd derivatives 

The Euler-Lagrange formalism (|199p - (I214p . which is based on the generalized energy-mass relation 

4n = ^ J^i^On (-V'On " V^V'On + m2„l/.0n) X (419) 

and the respective relativistic equation of motion 

□l/'On + mlT^on = 0, (420) 

can be easily rewritten for the one-component unit- field tpon — V'On'/'/n given by Eqs. p94p - (I397p . This simple 
procedure yields the equations of motions, which are indistinguishable from the respective equations p99p - (|407p . 
(I413P - (I416P and (|418l) . The energy-mass relations in the Euler-Lagrange formalism have the forms 



'On 



^ / V-On (--iAon - V-^Von + mon^Z-Qn) d^X, (421) 



-On 



V'On'/'/i 



-An 



V^Vor 



+ mlrpon -\- tpOn {(t>In) ^ V^(/)/ 



(422) 



-On 



(kon + ^1) / %n^On<i>*In<i>Ind^X^ 



(423) 



-On 



(ko„ + {ml + r|„)) / 'lpo„1pOn(l3*in4'Ind^X, 



(424) 
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and 



'-On 



£0n — 



k2 









\2mo 




i 



2mo 



mo 



^ In 

2mr 



(425) 



(426) 



which are indistmguishable respectively from the energy-mass relations (|398p . (|408p . (I410p . (|41ip . (14121) and (|417p . 
Notice, Eqs. (|42ip - (|426p are consistent with with the Einstein energy-mass relation under the normalization (|200p 
given by the equation 



i^On'4'On(t>*In4>Ind^X = 1. 



(427) 



3. The model 3rd-version based on the straightforward generalization of the Einstein energy-mass relation for the 
one-component unit-field by using the 1st derivatives 

The straightforward generalization of the Einstein energy-mass relation by using the 1st derivatives of the one- 
component relativistic unit-field ipi^n = 4'0n4'in is given by Eq. (j218p as 



-On 



d^3 



The respective equation of motion is given by Eq. (j219p in the form 
where ipon — V'On For the unit-field calibrated by the gauges 

4>In = 



(428) 

(429) 
(430) 



V-0o„V0/„ = 

the equation of motion (|429p can be presented as a system of two equations 

for the unit-field generator ip^n and addition-component (/>/„ . The use of the additional gauge 

V01„V0/„ = 

yields the equations 

1 



-On 



and 



V'OnV'On + VV'onVV'On + "T-o'/'On'/'On (j^In't'Ind X 



V'onV'On = Vl/'onVl/'On + TOQl/'onV'On- 



(431) 



(432) 



(433) 



(434) 



(435) 



which are consistent with the Einstein energy-mass relation — kp^ -I- TOq for a particle of the mass mg. The use of 
the gauge 



instead of the calibration (I433P yields 

1 



-On 



V'SnV'On + Vl/'onVV'On + ("T-q + rj„)^/'o„'(/'On (/)/„ ^/n rf" 3^ 



(436) 



(437) 
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and 

V;o*„^On = V^o*„Vi^o« + {ml + rDV^onV^On- (438) 

which are consistent with the Einstein energy-mass relation Eq = kQ„ + (mg + Tj^) for a particle of the mass (toq + 
Fj^)^/'^ under the unit-field normalization pOOp . 

In the case of the one-component non-relativistic unit-field tpon = ipon4>ini the non-relativistic energy epn that 
corresponds to Eq. (|220p is determined as 

eo« = (^#o*n'/'o« + 2^^V'o„Vi/'o« + moV'*„Von) d^a;. (439) 

The respective equation of motion is given by the formula \221\ in the form 

#on'^On = ■;7^V?/'o„Vi/'o« + moipQ^ipon, (440) 
zmo 

where i/ion = V'On^/n- For the unit- field calibrated by the gauges (j430l) and (|43ip . the equation of motion (|440l) can 
be presented as the equation 

^ronkn = :r^V^*„VVion + f^o + ^^^J'^'" ) ^Q^nV^On, (441) 

for the unit-field generator ■0on- The use of the additional gauge ()433p or (|436p respectively yields the equations 



and 



or the equations 



and 



#S„V'o« = 2^^^0«'^V'0n + moV'onV'Ori (443) 



2 

■ ~ ~ ' rinhnd'x (444) 



«^0nV'0« = ^^'^O^V^On + (™" + ^ ) V'SnV'On, (445) 

which are consistent with the Einstein energy-mass relations Eq = + ™o or Sq — + f mo + ) for a 

/ p2 \l/2 ^ ^ ^ 

non-relativistic particle of the mass too or ( mo + ) under the unit- field normalization (I200p . 



4. The model ^th-version based on the generalization of the Einstein energy-mass relation for the one-component 
unit-field by using the Euler- Lagrange formalism and the 1st derivatives 

In the model version based on on the generalization of the Einstein energy-mass relation by using the Euler-Lagrange 
formalism and the 1st derivatives of the relativistic unit- field p97p . the square of relativistic energy and the equation 
of relativistic motion are given respectively by Eqs. p26p and p27p as 



\ [%ni^On + VV'onVV'On + ml^L^On) X (446) 

and 

□V'on + mlipon = 0, (447) 
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where V'On = il>0n4>in with the cahbrations (|430p . (|43ip and (|433p or the gauges (|430|) . (|431l) and (|436p . In the case 
of the non-relativistic unit- field (j397p . the non-relativistic energy eon and the equation of non-relativistic motion are 
given respectively by Eqs. (|233p and (|234l) as 

eon = ^ J ^iV'Sn^On + ^"^"^Ori^^On + moV'o„'0o«^ rf^^;. (448) 

and 

ii'on = -TT^V^^On + "^0^0n, (449) 

where i/ion — 4'0n4'in- The relativistic (|447p and non-relativistic ()449p equations of motion for the unit- field V'On — 
ipon^'in are indistinguishable from Eqs. (|399p and ()413p . That means that the relativistic and non-relativistic equations 
of motions in the 4th version of the unit-field model are equivalent to the respective equations of the 1st version. The 
relativistic (I446P and non-relativistic (14481) energy-mass relations are indistinguishable from the relativistic equations 
(|434| and (|437| and the non-relativistic equations p42)) and (|444| . 

It could be stressed that the 3-rd [Eqs. (|428l) - (j445l) ] and ^-f/i [Eqs. (|446p - (|449l) ] versions of the model are 
in agreement with the Einstein energy-mass relations under the very particular calibrations ()433p or (|436p . which 
are satisfied only by the unit-field with the very exotic physical properties. For an example, a unit-field with the 
constant {(fiin = A — const.) associate-component or the zero eigen-parameter Vj^^ — corresponds to the unit- 
field, which is indistinguishable (ipon = A^pQn) from the unit- field generator A^pQn. The unit-fields (particles) with 
such associate-components may interact (cross-correlate) with other unit-fields (particles) only through interference 
(cross-correlation) of the unit- field generators ipon- Although the 3-rd and ^-i/i versions of the model correspond 
exactly to the Einstein energy- mass relation at the very particular gauges (|433p and (|436p . the versions with the 
constant {(fiin — A = const.) associate-components of the unit-fields ipon — Aipon have been used for introduction 
into physical basis of unit-fields (see, Sec. I of the present study). It should be stressed that the use of the conditions 
V(/)j„V(/)/„ ^ or V(/)j„V(/)/„ ^ ^']n4'*in4'in docs add the constant value Jy\7(f>*j^'V(f>inipon'^Ond^x to the square of 
energy of the unit-field (particles). That corresponds to the energy-mass relation Sq = kQ„ -I- mg -f const, for the 
unit-field (particle), which is different from the Einstein energy-mass relation Eg = ko„ -I- niQ. If one neglects this 
difference, then the 1st, 2nd, 3rd and 4th versions of the generalized energy-mass relations and equations of motions 
for the one- component unit-field (particle) collibrated by the gauges (|430p and (|43ip could be considered as equivalent 
ones. 

5.2. The one-, two-, three- and four-component unit-fields (particles) 

The one- component unit-field with the pure gravitational (G), electric (E), weak (W) or strong (S) associate- 
component, which has been considered in Sec. (5.1.), is given in the general form as 

IpOn = V'On'/'ln (450) 

i>On = V'0n<A2n (451) 

IpOn = ■0On</'3n (452) 

i>On = ■0On<^4n- (453) 

The two-component unit-field combines the G, E, W and S associate-components as 

V'On = '0On(01n + 02n) (454) 
V'On = '0On(01n + 03n) (455) 
V'On = V'On(<^ln + (?!>4n) (456) 
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V'On = '0O«(</'2n + 03n) (457) 
^On ^ i'Onihn + <l>4n) (458) 
■0On = '0O«(</'3n + 04n)- (459) 

The three- component unit-field combines the G, E, W and S associate-components as 

V^On = V'On(01n + </'2« + 03n) (460) 

i>On = i^0ni(l>2n + (I'an + 4>4n) (461) 

i>On = '0On(01n + ?!'2« + 04n) (462) 

^/'On = ■0On(01n + 03n + 04n)- (463) 

The four- component unit-field has the form 

i>On = ■0On(</'ln + 02« + (f>3n + '/'4n)- (464) 

The orthogonality- like condition p93p means that the interference (cross-correlation) G—G, E — E, W — W and S— S 
of the unit-field components of the same physical nature is permitted in the present model, while the interactions 
(cross-correlations) G — E, G — W, G — S, E — W, E — S and W — S oi associate-components with the different physical 
natures is excluded. For an example, the condition (I393P permits the Newton gravitational force Fn ~ moimo2/R^ and 
Coulomb electrical force F^ ~ goi<7o2/-R^, but does not support the Newton-Coulomb like forces Fc-n 901^02/^?^ 
and Fm-c ~ woigo2/^^, where q denotes the electric charge of the unit-field (particle). One can easily extend the 
present model to a such kind of forces, if they do exist somewhere in the Universe. 

In the general (unified) form, the one-, two-, three- or four-component unit-field can be presented as 

V'On = i'OnK^ (465) 

where a = 1, 2, 3 or 4, and the total associate- components (TACs) $^ and correspond the one-, two-, three- 

and four-component unit-fields describing respectively by Eqs. (I450p - (|453p . Eqs. (|454l) - (|459p . Eqs. (I460p - (|463p 
and Eq. (j464l) . The gravitational (/ = 1), electric (7 = 2), weak (/ = 3) and strong (/ = 4) associate- components 
(AGs) (pin have the common unit- field generator V'on- If the unit-field generator ■(/'on vanishes, then the all components 
'4'0n4'in of the unit-field V'On disappear. In other words, the unit-field ^/^on is annihilated by vanishing the unit-field 
generator V'on- The zero total associate-component ($° = 0) of the unit-field also annihilates the unit- field (particle). 



5.2.1. The energy-mass relations and equations of motions for ttie single unit-fields with one-, two-, three- and 
four- component ACs: The multi- component unit-field gauges 

Section (5.1) has presented the 1st, 2nd, 3rd and 4th versions of the energy-mass relations and equations of 
motions for the one-component unit-field. Section (5.2) will generalize the results of Sec. (5.1) for the two-, three- 
and four- component unit-fields. Although the all four versions of Sec. 3 have been considered as the equivalent 
ones for a unified (structure-less) unit-field, the 1st, 2nd, 3rd and 4th versions yield the energy-mass relations [Sec. 
(5.1)] for the one-component unit-field that require the different gauges [ (|430p . (|43ip and (|433l) or (|430p . (|43ip and 
(I436p ] in order to exactly satisfy the Einstein energy-mass relation. The use of the conditions V(/)}„V(/)in 7^ or 
\i'cl)}^V(j)in 7^ ^'in^*in^iri docs add the constant value Jy\i'(p*jj^\i'(f>ini^on''I^Ond'^x to the square of energy of the unit- 
field (particles). That corresponds to the energy- mass relation Eq = kg^ -I- ttiq -t- const, for the unit- field (particle), 
which is different from the Einstein energy- mass relation £q = kg„ -I- mg. Since the particle physics deals rather with 
the relative values of energies than the absolute energies, I will neglect the difference. In such an approach, the 1st, 
2nd, 3rd and 4th versions of the generalized energy-mass relations and equations of motions for the one-component 
unit-field (particle) calibrated by the gauges (I430p and (|43ip could be considered as equivalent ones. Since the four 
versions are considered to be equivalent, for the sake of simplicity, I present the results only for the 1-st version of 
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the model. One can easily rewrite the formulas for the 2nd, 3rd and 4th versions of the energy-mass relations and 
equations of motions. 

Let me now derive the energy-mass relations and equations of motions for the single, multi-component unit-field 
(|465p with the total associate-component by using the 1-st version of the unit-field model, which is based on the 
straightforward generalization of the Einstein energy-mass relation for the multi-component unit-field by using the 
2nd derivatives (for the one-component unit-field i/'on — V'On'/'/n the procedure is given in Sec. 5.1.1). The generalized 
energy-mass relation for the 7i-th one-component relativistic unit-field (j465p is given by Eq. (I185P as 

^ / V^On (-V^On - V^Von + ml„1pOn^ X , (466) 



= 0n 

where the unit-field -tpon = ipon^n has the generator TpQn and the total associate-component The respective 
relativistic equation of motion, which is given by Eq. ()190|) as 

□V'o« + "igVo« = 0, (467) 

yields the one general equation of motion 

$^(n^On + ml^on) + ^onn*?, + 2^o„*" + ZV^^OnV^Jl = (468) 

for the unit- field generator ipon and the total associate-component of the unit-field ipon — ipon^n- Notice, the 
masses mon of the same particles are given by mon — rno, while the different particles have the different masses 
{mon ^ rno). In order to select the solutions to Eq. (|468p that satisfy only the experimentally observed properties of 
the elementary particles, the field generator ipon and the total associate-component should be calibrated (fixed) 
by the following gauges. The first calibration (static gauge) 

= (469) 

means that the total associate-component (TAC) is static one. The second restriction (gauge) 

i^K - V^onV$^ - (470) 

should be attributed to the orthogonality of the gradients V?/'on and V<i>° in the Hilbert (mathematical) space, which 
means that the gradients Vi/jon and do not cross-correlate (interfere) in the physical space-time. Equation (I468P 
for the unit-field calibrated by the gauges (|469p and (|470p yields the equation of motion 

Di>on + [ml + rf ] i^on = (471) 

for the unit-field generator V'on- The common "eigen-like function" F"^, which is given by the expression 

Tf = (V2ci>«) ($^)-i , (472) 

depends on the total associate-component For the associate-components 0/„ calibrated by the gauges ()469p and 
(jifo]) . the use of the additional [Helmholt (Ff„ ^ 0) or Laplace (Fj„ 0)] gauge 

V20/„ + Tj^^in = (473) 

in the general relativistic equation of motion (|468p yields the relativistic equation 

Di>on + [ml + Ff ] 7^o« = 0, (474) 

which determines the relativistic motion of the unit-field generator tpQn ■ For the unit-field with the one-component 
TAC, the equation (|474p has the form (|407p with the total relativistic eigen-parameter 

Ff = FL EE rl. (475) 

In the case of the two-, three- and four-component unit-fields the total relativistic einen-parameters have respectively 
the forms 

(pin + (Pjn 
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pa2 _ ^ inVin 



and 



4>Gn + 4>Cn + 4>Wn + 4>Sn 



(477) 



(478) 



Here, the indexes i, j and k are given hy i — G, C, W, S, j = G, C, W, S and k — G,C,W, S with i ^ j ^ k. Notice, 
Eqs. (|475p - (|477p have been derived by using the orthogonahty-hke condition (|393p . The muhi-component unit- field 



(|465p describing by Eq. (|474p and the cahbration (I473P obeys the particle mass 



1 /2 

r^^] , where the additional 
(gauge) mass could be attributed to the mass of the total associate component (TAC) of the unit- field (particle) . 

The solution to Eq. (|474p for a single unit- field (particle) placed in the free space is a time- harmonic stationary 
plane- wave 



(479) 



of the form (|235p . which could be associated with the de Broglie wave. For the unit- field with the one-component 
TAC, the use of the gauges (|469l) . (|470p and (|473p and the replacement of the unit- field generator -0on by the de 
Broglie plane wave (|479p in the relativistic equation (j466l) yields the relativistic unit-field energy (|41ip in the form 



'On 



(ko„ + rj 



(480) 



In the case of the two-, three- and four-component unit-fields, the procedure yields the relativistic unit-field energy 
given respectively by 



'On 



2 , rf„/ (^*„(/),„d3x-hF2„/ </.*^(^^„d3x 

TOg H 



(481) 



-On 



kn 



hn)d^x 

' 0in0jn + (f>ln(t>kn)d^X 



(482) 



and 



^On — 



rL Iv ^Gn^Gnd^X + F^^ Jy <))*c^(t>Cnd^ X + F^„ 4'*w n<I^W nd"^ X + F|„ (/.^^^(/.gnd^X 

{(l>Gn^Gn + <Pcn't>Cn + (l>*Wn<Pwn + (?!)J„(/)Sn)d^a;(483) 



for the two-, three- and four-component TACs. 

In the case of a non-relativistic unit- field (j465l) . the above-described calibrations in the non-relativistic equation of 
motion ()195p yield the equation 



#0n 



2mo 



F? 



2mn 



V'On, 



(484) 



which determines the non-relativistic motion of the unit- field generator Tpon- For the unit- field with the one-component 
TAC, the total non-relativistic eigen-parameter = (l/2mo)Fj„ = (l/2mo)Ff„. In the case of the two-, three- 
and four-component unit-fields the total non-relativistic einen-parameters have respectively the forms (j475p - (j477p 
multiplied by the factor (1/2too)- The solution to Eq. (I484p for a single unit-field (particle) placed in the free space, 
is the de Broglie wave ?/'on(r, t) = age*^''""'"^'^''"*-' of the form (|235p . For the unit-field with the one-component TAC, 
the use of the gauges (|469p . (|470l) and (|473p and the replacement of the unit-field generator -i/^on by the de Broglie 
wave in the non-relativistic energy-mass relation (jl92p yields the relativistic unit-field energy in the form 



EOn 



^On 

2r7io 



mo 



2mQ 



rd^x. 



(485) 
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In the case of the two-, three- and four-component unit-fields, the procedure yields the relativistic unit-field energy 
given respectively by 
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(486) 



and 
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2too 
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£0r! 



i'*Gn4>Gn + (t'Cn4>Cn + ^i^n'^Wri + (/)5„0Sn)d^a; ■ 



1 (l)*a^(l)Gnd^X + Tl,^ jy rCn^Cnd'^X + T^,^ Jy (l)*w^(t>Wnd'^X + r|„ Jy ^Sn^l'Snd'^ X 



2too 



Iv^'i^Gn^Gn + 'f^Cn't^Cn + '/'^Vn'^^Wri + (f)*g^<j)Sn)d^X 



respectively for the two-, three- and four-component TACs. 



5.3. Categorization of the single one-, two-, three- and four-component unit-fields (particles) by using 
symmetry of the unit- field associate-components (ACs): Kinds of the unit- field ACs 

5.3.1. Categorization according to the symmetries of the coordinate systems of ACs 

In the model of a structure-less unit-field (elementary particle) describing by Eqs. (|183p - (|387p . the kind of the 
unit-field (particle) has been determined solely by the particle rest-mass too- The structure- less unit-field ipon depends 
only on the particle rest-mass, which could be considered as the particular initial conditions of the equation of motion. 
In such a case, the different configurations of the structure-less unit-field i/jOn corresponding to the different solutions 
of the equation of motion for a given rest-mass TOon are attributed to the different momentums ko„ of the same 
particle. In other words, the structure-less unit-field Von with the rest-mass toq = or toq 7^ is considered as 
the 4-dimensional structure-less object in the space-time, namely as the structure-less quanta of energy-matter. The 
unit-field (particle) with the internal structure (substructure) corresponding to the gravitational, electromagnetic, 
weak and strong fields and interactions has been described by Eqs. (|392p - (I488p . In the model of the structured 
unit-fields (|465p . the unit-fields ipQn — tpon^n distinguished from each other not only by the rest- mass too, but 
also by the associate-components (j>in of the total associate component . That means that the structured unit-fields 
with the different ACs correspond to the unit-fields (particles) of the different kinds. It was indicated that the two 
calibrations (gauges) of the associate-components <j>in could be consistent with the Einstein special relativity and the 
experimentally observed properties of the elementary particles. In order to satisfy these conditions the unit-field AC 
should be calibrated by the gauge (|473p in the form of Laplace's (Fj^ = 0) or the Helmholt {T'j^ ^ 0) equation. 
The Laplace and Helmholtz equations (gauges) describe the ACs of the two different kinds, namely the Laplace and 
Helmholtz associate-components with the respective gauge masses Tjn = and F/n 7^ 0. 

The Laplace and Helmholtz equations have infinite numbers of the possible solutions (configurations). The number 
of the symmetric ACs, which are symmetric in space, however, could be finite due to the finite number of possible 
symmetries. One of the ways of categorization of the all possible configurations of the ACs, which corresponds to the 
different solutions of the Laplace or Helmholtz equation is the spatial symmetry of the AC. A solution to the Laplace 
or Helmholtz equation is uniquely determined if the value of the function is specified on all boundaries (Dirichlet 
boundary conditions) or if the normal derivative of the function is specified on all boundaries (Neumann boundary 
conditions). The Helmholtz equation has solutions in all 11 well-known coordinate systems, namely in Cartesian, 
circular cylindrical, conical, confocal ellipsoidal, elliptic cylindrical, oblate spheroidal, parabolic, parabolic cylindrical, 
paraboloidal, prolate spheroidal and spherical systems. Naturally, the Helmholtz associate-component (pm can have 
any configuration that corresponds to a solution of the Helmholtz equation in any coordinate system of the 11 systems. 
The spatial symmetry of the Helmholtz A C could be determined by the symmetry of the coordinate system. Thus the 
11 kinds of the Helmholtz ^Cscould be categorized by the 11 spatial symmetries of the unit-field associate-components 
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Coordinate system 


Solutions (configurations) of the unit- field AC s 


Cartesian 


Exponential, circular and hyperbolic functions 


Spherical 


Legendre polynomial, power and circular functions 


Cylindrical 


Bessel, exponential and circular functions 


Conical 


Ellipsoidal harmonics and power functions 


Oblate spheroidal 


Legendre polynomial and circular functions 


Prolate spheroidal 


Legendre polynomial and circular functions 


Elliptic cylindrical 


Mathieu and circular functions 


Parabolic cylindrical Parabolic cylinder, Bessel and circular functions 


Parabolic 


Bessel and circular functions 


Paraboloidal 


Circular functions 


Confocal ellipsoidal 


Ellipsoidal harmonics 


Bispherical 


Functions based on a multiplicative factor 


Toroidal 


Functions based on a multiplicative factor 



TABLE I: The all possible coordinate systems and the respective unit-field AGs. Notice, the Laplace equation does have 
solutions in the bispherical and toroidal coordinate systems, while the Helmholtz equation does not. 

according to the spatial symmetries of the 11 coordinate systems. In addition to the aforementioned 11 coordinate 
systems and symmetries, the Laplace equation has solutions in the two other coordinate systems, namely in the 
bispherical and toroidal ones. In such a case, the Laplace AC oi the unit-field (particle) can have any configuration 
that corresponds to a solution of the Laplace equation in one of the 13 coordinate systems. The 13 kinds of the 
Laplace ^Ccould be categorized by the spatial symmetry of the Laplace associate-component in the 13 coordinate 
systems. The all 13 coordinate systems and the respective Laplace and Helmholtz AGs are summarized (categorized) 
in Table m 

Strictly speaking, the configurations of the Laplace and Helmholtz ACs summarized in Table |T] are 3-dimensional 
objects. Nevertheless, in principle, the more exotic (low-dimensional) ACs satisfying the Laplace or Helmholtz equa- 
tion also can be considered. For instance, the Laplace and Helmholtz ACs having the low-dimensional configurations 
could be presented as the G-D (point), 1-D (straight string), 2-D (open curved string, closed string, open membrane 
or closed membrane) ACs. It should he stressed that the creation of such exotic configurations (points, strings and 
membranes) from the 3-dimensional Laplace and Helmholtz ACs is practically impossible. Indeed, the low-dimensional 
ACs have the Dirac i5-like distributions at least in one of the three spatial dimensions. Therefore the unit- fields with 
the low-dimensional ACs obey infinite energies [see, Eq. (|466|) ]. Although the low-dimensional ACs obey the infinite 
energies, in contrast to the 3-dimensional ACs having the finite-energies, they are very important for the simplified 
(0-D, 1-D or 2-D) theoretical analysis of the unit-fields (particles) and for comparison of the present model with the 
modern string theories and SM. 

In the modern conceptual picture of the Universe, the all elementary particles have been created in the early stage of 
the cosmological Big-Bang. The non-elementary particles of the Universe are the products of fusion of the elementary 
particles in the late stages of the Big-Bang. One may suppose that after creation of the elementary particles they 
satisfy to the Einstein special relativity. In such a case, the all 13 kinds of the Laplace unit-field ACs and the all 11 
kinds of the Helmholtz unit-field ACs, which do satisfy the generalized Einstein energy-mass relation and respective 
equations of motions, may exist somewhere in the Universe. Although the all 24 kinds of the unit-field ACs may exist 
in principle, the only unit-field ACs that obey physical properties of the experimentally observed elementary particles 
will be considered in the following sections. One can easily follow the present model for any hypothetical unit-field 
of the 24 kinds of the unit-field ACs of the elementary particles that have not been yet observed experimentally. 



106 



5.3.2. The single unit-fields (particles) with the spherical and cylindrical symmetries of the unit-field ACs: The particle spin 



As an example, consider here the unit-fields (particles) with the spherical and cylindrical symmetries of the Laplace 
and Helmholtz ACs. For the well-known solutions of the Laplace and Helmholtz differential equations in other 11 
coordinate systems see the mathematical textbooks. 

1. The single unit-fields (particles) with the spherical symmetries of the Laplace ACs 

Let me first consider the unit-field (particles) -^on = V'On'&n whose AC \s described by the Laplace equation 
(calibration). In spherical polar coordinates [r = {r,9,ip)], the Laplace (Fj^^ = 0) equation (|473p for the unit- field 
associate-component (pin has the form 



V2 0„,(r) 



(r) = 0, (489) 



where is the square of the angular momentum operator L = z(r x V). The two linearly independent well-known 
solutions to the Laplace equation (|489l) in a ball centered at the origin, which are non-singular and singular at the 
origin, are called the regular and irregular solid harmonics. The simplest regular and irregular ACs are given by the 
regular 

<t>U^)=r'Yr{e,^), (490) 

and irregular 

</.,;„(r)=r-'-irr(^,¥') (491) 

solid harmonics, where the spherical harmonics Y™{9, ip) of degree / and order m are the joint eigenfunctions of the 
square of the orbital angular momentum operator and the generator of rotations around the azimuthal axis ■ 

VYr{9,p) = l{l + l)Yrie,ip) (492) 

and 

L^Yne, = -^-^YriO, = mYne. v). (493) 

The ball occupied by the solid harmonic may have the infinite radius {R — oo). For a given non- negative integer I, 
there are 2l-\-l independent solutions of the form (j490p . one for each integer m with —l<m<l. Under the standard 
probabilistic normalization (in the Dirac notations) 

(y™M>^r)^ r rV™^*y™^di] = <5,,.,,5,^,,„„ (494) 

Je=o Jip=o 



the Laplace spherical harmonics are given by 



(21 + 1) (?-m)!i^/^ 
4tt {l + Tn)l 



Pr{cos9)e'"''^, (495) 



where dQ — sinOdipdO, P[^{cos0) is an associated Legendre polynomial, and Si-^j^ and Smi,m2 denote the Kronecker 
symbols. The harmonic degree I logically to call the orbital quantum number. While the harmonic order m could be 
denoted as the "magnetic" quantum number. 

The 3-D unit-field (particle) V'on = '>Pon^n is not a point particle of classical mechanics, quantum mechanics or SM. 
Therefore, it obeys naturally the intrinsic (internal) angular momentum (spin) (L) = (s) associated with the unit-field 
AC. In the case of the unit-field with the unit- field associate-component (j>in satisfying Eq. (|490p or (|49ip . the square 
of a unit-field spin is given by 

{s')^{Yns'\Yn^l{l + l), (496) 
while the z- component of the intrinsic orbital angular momentum (spin) is equal to 

{s^) = {Yr\s^\Yn=m. (497) 
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The numbers I and m denote respectively the intrinsic orbital quantum number and the intrinsic "magnetic" quantum 
number. The unit-fields (particles) with the Laplace ACs and the mte(7er spins describing by Eqs. (j492l) - (j497l) could 
correspond to the elementary bosons. The present model (see, Sec. 5.2.) does not need the probabilistic normalization 
The regular 

<l>,^{r)=r'AirnYr{0,^), (498) 

and irregular 

cl)rn{r)^r-'-^A„nYr{e,^) (499) 

ACs, where Aim is an arbitrary constant, are also the legal solutions of Eq. (|489p . In the case of Eqs. (14981) and 
(|499l) . the square of a unit-field spin is given by 

(§2) = {AimYr\s^\AimYn{{Ai^Yr\Ai^Yn)-' = l{l + 1), (500) 
while the z-component of the spin is equal to 

(s;) = {AlmYr\sMlr.^Yn{{Al„^Yr\AlmYny^ = m. (501) 

The unit- fields (particles) with the Laplace ACs and the spins describing by Eqs. (|500p and (|50ip could correspond to 
the elementary particles describing by integer spins. It should be noted in this connection that the classical (Newton) 
intrinsic orbital angular momentum L = r x k and relativistic (Einstein) intrinsic orbital angular momentum tensor 
j^nm _ ^i^rjjijfri _ x"^p") of a point particle are always equal to zero. In canonical quantum mechanics and SM, the 
spins of the point (structure-less) particles have been constructed formally by using the operator or matrix formalism. 
In the present model, the unit-field (particle) obeys naturally the spins attributed to the physical properties of the 
respective ACs. The angular distribution of the AC function does not change in the conservative physical processes 
due to the conservation law for the spin and energy. Therefore the knowledge of the exact angular distribution of 
the AC function could not be important for description of the most physical processes. For such a description, the 
model of the unit-field spin can be represented as the formal matrix algebra, like the spin matrix algebra used in the 
canonical quantum mechanics and SM. The transition from the AC functions to the matrix representation is quit 
similar to the transition from the Schrodinger wave model of quantum mechanics to the Heisenberg or Pauli matrix 
models based on the formal matrix commutation relations. 

The general regular solution to Laplace's equation (|489p is a linear combination of the regular solid harmonics 
multiplied by the appropriate scale factors Aim'- 

oo / 
/=0 m=-l 

where Aim are the scaling constants. Correspondingly, the general irregular solution to Laplace's equation ()489|) is a 
linear combination of the irregular solid harmonics multiplied by the scale factors Bim- 

oo I 

^^n{r)^Yl E Bimr-'-%^{e,^), (503) 

where Bim denotes the appropriate scaling constants. Then the general solution to Eq. (|489p . which includes both 
the regular and irregular solid harmonics is given by 

oo I 

0„(r) = E E [^'™^' + Bimr-'-^]Yr{e, ^). (504) 

The linear combinations of the regular and irregular solid harmonics can describe the complicated configurations, such 
as the asymmetric ACs. The transformations associated, for instance, with the group of rotations or translations, 
as well as the conformal symmetry properties of the solutions of the types (I490p . (|49ip . (I498p . (|499p . (|502p - (|504p . 
have been investigated in the past by the well-known "potential theory" and the theory of Laplace's equation (for the 
details, see the mathematical textbooks). 

The relativistic and non-relativistic energies of the unit- field (particle) ■(/'on = V'On^'J^ with the Laplace ACs are 
determined respectively by Eq. (|480l) - Eq. (I483P and Eq. (|485p - Eq. (|488l) . For an example, for the two-component 
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unit-fields (particles) with the Laplace gravitational and electrical ACs (F^, 
7.2), the relativistic and non-relativistic energies are given by Eqs. (|48ip and (|486p as 



and r|„ 



'On — L On 



"Gn 



0, for details see Sec. 



(505) 



and 
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mo 



(506) 



respectively. 

2. T/ie single unit-fields (particles) with the spherical symmetries of the Helmholtz ACs 

The Helmholtz (F^^ ^ 0) equation (|473p describing the Helmholtz of the unit-field (particle) ^/^on = V'On'&Si in 
spherical coordinates has the form 

[v' + r?„']'^™(r) = 



„ „2 ^ Jn 



0i„(r) = 0, 



(507) 



where the eigen parameter denotes a positive or negative constant corresponding to the real (FJ„ = iT/nl) or 
imaginary (Ff„ = i|r^„|) value of Ff„. 

The two linearly independent well-known solutions to Eq. (|507p are related to the spherical Bessel functions of the 
first and second kind. The first solution in a ball centered at the origin, which is associated with the spherical Bessel 
functions of the first kind, is given by 



<^,„(r)=j,(r?„r)A,„y™(0,^), 



(508) 



where Aim is the scaling constant that determines the value of the unit- field (particle) spin, ji{^'i„r) is the spherical 
Bessel function of the first kind with the real (Fj„r = |r°„|r) or imaginary (Fj„r = i|rj„|r) argument, and ¥^{9, ip) 
denotes the spherical harmonic determining by Eqs. (|492p - (|494p . In the terms of the modified Bessel functions of 
the first kind, which have the real arguments |Fj,Jr, the spherical Bessel function of the first kind with the imaginary 
argument is given by 



jlmn\r)=^ 



- ,-'+1/2 



W(irfnk) 

(7r-i2z|FfJr)i/2 



(509) 



where ^i+i/2(|rj„|r) is the modified Bessel function of the first kind with the real argument. The second solution in 
a ball centered at the origin, which is associated with the spherical Bessel functions of the second kind, is given by 



ct>Ur)^yi{T'}„r)AimYr{0,v), 



(510) 



where Aim is the scaling constant that determines the value of the unit-field (particle) spin, yi{T'}nr) is the spherical 
Bessel function of the second kind with the real (Ff„r = |rf„|r) or imaginary (Ff„r — z|Ff„|r) argument, and ^^'"(0, ^p) 
denotes the spherical harmonic determining by Eqs. (|492p - (I494p . In the terms of the modified Bessel functions of 
the first and second kind, which have the real arguments |Fj^|r, the spherical Bessel function of the first kind with 
the imaginary argument is given by 



yimn\r) = * 



1+3/2 



(^-l2^|FJJr)V2 ^' 



(^-l2^|FJJr)V2' 



(511) 



where Ii+i/2{\^in\''^) ^i+i/2(|r/„|?') are respectively the morfi/ierf Bessel function of the first and second kinds with 
the real argument. Notice, the following useful relations hold among the functions: Ki^i/2{\T'j^\r) — [7r/2sm(7r[/ + 
l/2])][/_,_i/2(|F?„|r) - /,+i/2(|F?„|r)]. The linear combinations 



(512) 
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and 



(513) 



are also solutions of Eq. (|502p . The superposition of the linear combinations (jSOSp and (|508p gives the general solution 



(514) 



(=0 m=-; 



in a ball centered at the origin. The spin of the unit- field (particle) with the Helmholtz A C (|508p or (|510l) are described 
by Eqs. (I500p and (|501l) . The unit-fields with the AGs (|512p - (|514p could describe the more complicated spins of the 
unit-fields (particles). 

The relativistic and non-relativistic energies of the unit- field (particle) V'On — ipon^n with the Helmholtz ACs are 
determined respectively by Eq. (|480p - Eq. (j483l) and Eq. (I485P - Eq. (I488p . For an example, for the four-component 



unit-fields (particles) with the Laplace gravitational and electrical ACs (E^^ = and = 0) and the Helmholtz 
weak-interaction and strong-interaction ACs (Fq^^ ^ and F|;^ ^ 0) , for details see Sec. 7.2) , the relativistic and 
non-relativistic energies are given by Eqs. ()483p and (|488p as 



=.2 



and 



i>hn't>Gn + 'f>*Cn(t>Cn + (l>*W7i't>Wn + cj)*Sn(l>Sn)(f' X ■ 



(515) 
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rL /y ^*Sn<t>Snd''x 



(516) 



respectively. The relativistic (|515p and non-relativistic (j516p energies of the unit-field do not depend on the intrinsic 
orbital and azimuthal angular momentums (spins) of the unit-field. In other words, the unit-field spin does not depend 
on the momentum kon and energy eon of the unit-field (particle) and vise versa. The momentum ko„ and energy eon 
can be changed, however, that would not affect the the spin of the unit-field (particle). In Eqs. (|515p and (|516p . the 
gauge (TACs) masses 



^ Wn 



JV Jv 
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and 
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't'Wn^Wnd^X 



V 



(l)*Sn(j)Snd^X 



could be associated with the effective relativistic rest-masses (mp 
and the effective non-relativistic rest-masses ^toq 4 



d^ 



X 



F2 

^ Sn 



(517) 
(518) 

Iv'l'*Sn^Snd^x]Y^^ 



of the unit-fields (particles), 
to the effective relativistic 



\^Wn Iv ^*Wn<t>Wnd^X 

Alternatively, the parameters (I517P and (|518p can be attributed 

n \ 1 /2 

2 I [1^2 r ^* , T^2 r A* ^3^1 \ g^j^j non-relativistic 



[^Wn Iv <t>*Wn4>Wnd''x + F|„ (/.J^f^s^d^^,] ) 



1 /2 

(kgjj -I- [F^j^ J^^ 0^„(/)vi/„(i^a; -I- F|^ (/)Jyj(/)5„(i'^a;] ) momentums of the the relativistic and non-relativistic 
unit-fields (particles). 

3. The single unit-fields (particles) with the cylindrical symmetries oj the Laplace and Helmholtz ACs 

The Laplace iT']^ = 0) or Helmholtz (F|„ ^ 0) gauge (I473P describing the unit-fields t/jom = i^on^n with Laplace or 
Helmholtz in cylindrical coordinates [r = (r, Lp, z)] has the form 
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r— I + — + -— + r?„2 



(520) 



r dr \ dr J dz^ dip^ 

respectively. The well-known general solution of the Helmholtz equation (I520p in a cylinder of radius R is given by 



where Anm, ^nm, C*,!, Ai, -E„i and F,„ are the scaling constants, J„i ta/ji^ + rj„ and Ym rJii? + are 



(521) 



respectively the ordinary Bessel functions of the first and second kinds with the real (7'-\/ + 7^ = r\^J + 7^!) 
or imaginary (r-\/ + 7^ = ri\yj rfi + "f"^]) arguments, and n and m denote positive integers. Here, the functions 



Yra yr\Jv? should not be confused with the Laplace spherical harmonics (I495p . The simplest solutions of 

Eq. (|520p have the forms 



(522) 



(523) 
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(527) 



(528) 



,(r)=r„JrJn2+ rj„^ ) e"M„,,e 



(529) 



where n and m are positive integers independent from each other, and A™ denotes the scaling factor. The AGs 
(|521l) - (|529p with the eigen parameter T'}^ = are the solutions to the Laplace equation (|519p . That means that 
the unit- field (particle) with the Helmholtz AC calibrated by the gauge (|473p with the eigen parameter Fj^^ = is 
indistinguishable from the unit-field (particle) describing by the Laplace gauge. 

The angular components Amc""''^ and Ame'^™'^ of the unit-fields (particles) with the Helmholtz (F^^^ 7^ 0) or 
Laplace (FJ^^ ^ Q) AGs dSH]) - ^Mi are the eigenfunctions of the generator Lz = Sz of rotations around the 
azimuthal axis: 



d 

i>z^me — t— y-i-me — nii±rae 
dip 



(530) 
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4^™e-™^ = -i^A„e"™'^ = -mA^e-™'^. (531) 

The respective z-components of the intrinsic angular orbital momentums (spins) are given by 

(s,) = (A„e'"'^|4|A™e™^)((A™e™^|^™e""'^))-i = m (532) 

(4) = (A™e-*"^|s;|A™e-™'^)((A„e*™^|A„e™'^))-i = -m. (533) 

That means that Eqs. (I532p and (|533p for the probabilistic {Am = 1) and non-probabilistic (A,„ 7^ 1) normalizations 
give the same result: 

(s,) = (e*™'^|s-^|e™'^)((e™'^|e™'^))-i = m (534) 
(4) = (e-""'^|s;|e-""'^)((e""'^|e*™'^))-i = -m. (535) 
(s;) - (A„e^'"'^|s;|A™e™^)((A„e*'"^|^„e™^))-i = m (536) 

(s;) = (Ane-™n4|^me-™'^)((A„e™^|^„e™'^))-i = -m. (537) 

In contrast to the the unit- fields (particles) with the Laplace and Helmholtz spherical ACs, the unit- fields (particles) 
with the Laplace and Helmholtz cylindrical ACs have the azimuthal spins, only. 

It should be stressed again that the all 24 kinds of the unit-fields (elementary particles) can exist in principle. As 
an example, Sec. 5 has showed the unit- fields (particles) with the Laplace and Helmholtz ACs having spherical and 
cylindrical symmetries. For the well-known solutions of the Laplace and Helmholtz differential equations corresponding 
to the unit- field ACs that are symmetric in the Cartesian, conical, confocal ellipsoidal, elliptic cylindrical, oblate 
spheroidal, parabolic, parabolic cylindrical, paraboloidal, prolate spheroidal, bispherical or toroidal system see the 
mathematical textbooks. 

6. THE INTERFERENCE (INTERACTION) OF THE STRUCTURED UNIT-FIELDS (ELEMENTARY 
PARTICLES) WITH THE ARBITRARY GENERATORS V^on AND THE MULTI-COMPONENT TACS <1>J 

Before considering the concrete (experimentally observed) unit- fields (particles), let me present in the general forms 
the relativistic and non-relativistic energy- mass relations and equations of motions of a composite field (particle) , which 
is composed from the arbitrary unit-fields (particles) whose generators and associate-components (ACs) do satisfy the 
gauges ()469p . (|470p and (|473p . The simplest composite field (particle) is composed from the two interfering (cross- 
correlating) unit-fields associated with the two interacting elementary particles. The common field ^{v,t) composed 
from the interfering (cross-correlating) unit-fields V'oi(r,i) and -002 (r,t) associated with the respective interacting 
particles has the form (I267p . which for the structured unit-fields 

V'oi = ^01$? (538) 

and 

^-02 = ^02*2, (539) 

with the one-, two-, three- or four-component TACs is presented as 

= V^O1*?+V^O2$2- (540) 

The generalized basic relation of Einstein's special relativity for the composition (|540p of the relativistic unit-fields is 
given by Eq. (I27ip as 

= + + £12 + £21 = £01 + £02 + ^12.21- (541) 
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For the composition (I540p of the non-relativistic unit-fields, the non-relativistic energy-mass relation (|282[) has the 
form 



£ — £01 + £02 + £12 + £21 — £01 + £02 + £12,21 • 
For the composite field (particle) 

N 



(542) 



(543) 



which is composed from the N relativistic unit-fields associated with the iV > 1 relativistic particles, the 

relativistic energy-mass relation (|278p has the form 



JV N-'-N 
n=l n^m 



(544) 



The non-relativistic energy-mass relation for the composition (|563p of the non-relativistic unit-fields is given by Eq. 
(UMl) as 



N N^-N 

£ = £Ori + £nm- 

n— 1 n^m 



(545) 



6.1. The relativistic interference (interaction) of the structured unit-fields (particles) with the arbitrary 

generators ij^on and the multi-component TACs The relativistic energy-mass relations and equations of motions 



In the case of the relativistic composite field (|540p . which is composed from the two structured unit-fields (particles), 
the relativistic energy squared e^i of the first unit-field (|538l) in the relativistic energy-mass relation (|54ip is given by 
Eq. (|272l) . which under action of the gauges (|469l) . (|470| and (|473l) has the form (|453l) : 



£oi = i / r^i^* -^oi-V^^oi+m^^oi+^oi(<i>?)-'V^$? ^^d^x 



Similarly, the relativistic energy squared of the second unit-field (j539p has the general form 

1 



^02 - 2 /^V'S2i>r 



-1^02 - V>02 + m^Vo2 + V02(*2)" V"$5 



(546) 



(547) 



The relativistic cross-correlation terms associated with the first and second unit-fields are given by Eqs. (|274p and 
(|275p with the aforementioned gauges in the general form respectively as 



£12 = 2 y^^oi'^i* -^02 - VV02 + m^^02 + V^02($^)"'V^<&2 



and 



^21 = ^/ ^o2'i>r 



-Vol - VVoi + Ki'm + Voi($?)"'V"$? 



(548) 



(549) 



respectively. The total relativistic cross-correlation term £12,21 = ^^12 + ^^21 associated with both the first and second 
unit-fields is given by 



£12,21 = lJ^roin' 
A I ^o*2*r 



^'^d^x 



1P02 - V'V02 + m^Vo2 + V'02($2)" V'$^j 
-^01 - V^^oi + ^oV^Ol + ^0l(*?)"'V2$? ^a^3^ 



(550) 
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The relativistic equation of motion of the composite field (j540l) is given by Eq. (|276p or (|468|) with the gauges (j469l) , 
(|470| and (|473l) or the calibrations (|469| . (|470)) and (|475]) in the general form 



(551) 



Notice, the unit-fields ■001 and ■002 '^2 '^^ ^he composite field do not obey the normalizations (I200p and (I427P of 
the single unit- fields associated with the single particles. In the case of $!f = $2 = const., Eq. (|55ip describes the 
correlation- free (interaction- free) unit- fields that could be attributed to the intersection- free particles (bosons). 

In the case of the relativistic composite field (j543p . which is composed from the N structured relativistic unit- fields, 
the relativistic energy squared Eq^ of the n-th unit-field V'On'I'n in the relativistic energy-mass relation (j544p is given 
by Eq. ()279p in the general form as 



(552) 



The relativistic cross-correlation terms associated with the n-th unit-fields is given by Eq. (I280p with the aforemen- 
tioned gauges in the form 



(553) 



The relativistic cross-correlation terms associated with the m-th unit-fields is given by Eq. (|280p with the aforemen- 
tioned gauges in the form 



(554) 



The total relativistic cross-correlation term associated with both the n-th and m-th unit-fields is given by the equation 

^jim^mn — ^nni ~t- ^mn In the form 



V ^ rr 



+7; / V'S™*: 



a * 



(555) 



respectively. The relativistic equation of motion of the composite field (|543l) is given by Eq. (|281l) in the general form 



AT 



(556) 



n=l 



The unit-fields ipon^n ^^d i/jQm^m of the composite field do not obey the normalizations (|200p and (I427P of the 
single unit-fields associated with the single particles. It should be stressed that the relativistic energy of the n-th 
unit-field, which is determined by Eq. (j552p . does not depend on the unit-field phase «„. While the total relativistic 
cross-correlation term (j555p associated with the n-th and m-th unit-fields depends on the phases an and am of the 
interfering unit-fields (particles). 



6.2. The non-relativistic interference (interaction) of the structured unit-fields (particles) with the arbitrary 
generators tpon and the multi- component TACs The non-relativistic energy-mass relations and equations of 

motions 



In the case of the non-relativistic composite field (|540l) , which is composed from the two structured non-relativistic 
unit-fields, the non-relativistic energy Eqi of the first unit-field (I538P in the relativistic energy-mass relation (I542p is 
given by Eq. (|284l) or Eq. (I484p . which under action of the calibrations (gauges) (I469p . (|470p and (I473P has the form 



#01 - 



2mo 



VVoi 



- moV'oi 



2mo 



^Id^x. 



(557) 
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Similarly, the relativistic energy of the second unit-field (|539|) has the general form 
1 



£02 — 



(558) 



The non-relativistic cross-correlation energies associated with the first and second unit-fields are given by Eqs. (|286p 
and (|287p with the aforementioned gauges in the general form respectively as 



and 



£12 



£21 



2mo 



V^^02 + ^^0^02 



2m, 



2mo 



2mo 



(559) 



(560) 



The total cross-correlation energy is given by £12,21 = £12 + £21- The non-relativistic equation of motion of the 
composite field ((540| is given by Eq. ((283)) with the gauges (|469)) . (|470)) and (|473)) in the form 



n ( -4oi - ^^'^01 + "^0^01 + ^^0l($?)-'V2$J 



1 



1 



-V^7^02 + ^0-002 , „ 
ZTOo 2too 



^02(<i>^)-^v2ci>- 



0. 



(561) 



Notice, the unit-fields ■0oi*i'i and ■0O2'I'2 of the composite field do not obey the normalizations (|200l) and (j427p of the 
single unit-fields associated with the single particles. 

In the case of the non-relativistic composite unit- field (j543p . which is composed from the N Laplace or Helmholtz 
unit-fields, the relativistic energy Eqi of the n-th unit-field ipon^n the relativistic energy-mass relation (|545p is given 
by Eq. (|290p in the general form as 



£0r: 



1 



2mo 



1 



2mQ 



(562) 



The non-relativistic cross-correlation energies associated with the n-th and m-th unit-fields are given by Eq. (j291l) in 
the general form as 



ZJTIq ZJJIq 



and 



2 j^r^m^v 



2mo 



2mo 



(563) 



(564) 



respectively. The total cross-correlation energy is given by £12,21 = £12 + £21- The relativistic equation of motion of 
the Laplace or Helmholtz composite field (|543p is given by Eq. ()289p in the general form as 



N 



2mo 2mo ' 



(565) 



The unit-fields ipon^n of the composite field do not obey the normalizations (|200p and (|427p of the single unit-fields 
associated with the single particles. Notice, the non-relativistic energy (|562p of the n-th unit-field does not depend on 
the unit- field phase a„. While the total non-relativistic cross-correlation energy (j564p associated with the n-th and 
m-th unit- fields depends on the phases a„ and a„i of the interfering unit- fields (particles) . 



7. THE INTERFERENCE (INTERACTION) OF THE UNIT-FIELDS (PARTICLES) HAVING THE DE 
BROGLIE GENERATORS V^on AND THE LAPLACE OR HELMHOLTZ ONE-COMPONENT ACS 0™ 

7.1. The general forms of the interaction terms and energies of the unit-flelds (particles) having the de Broglie 
generators ?/'on and the Laplace or Helmholtz arbitrary one-component AGs 4>in 

The above-presented Eqs. (I546P - (I556P and Eqs. (|557p - (|565p describe respectively the relativistic and non- 
relativistic unit-fields (particles) in the general form associated with the arbitrary configurations of the unit-field 
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generators and associate-components {ACs) satisfying to the gauges (j469l) . (|470p and (I473p . Naturally, the equa- 
tions that describe the unit- fields (particles) with the concrete (ACs) and (TACs) corresponding to the concrete, 
experimentally-observed elementary particles should be also presented. 

For the sake of simplicity, I present here the equations for the two unit-fields, namely for the unit-fields t/jqi = ^oi'^'i 
(|538l) and tpo2 — '4'02^2 (|539p of the composite field ip = tpni^i + "4^02^2 (|540p . where the total associate-components 
{TACs) have the one-component forms ^1 — (fjn and $2 — 4>i2- The simplest solutions to the relativistic Eqs. (|55ip 
and non-relativistic (j56ip equations of motions, which couple the first unit-field to the second one and vice versa, are 
the de Broglie unit-waves 

^Ol{v,t) = aoe*(koir-eoit+ai) (ggg^ 

Vio2(r, t) = aoe'('"'^'^-"«2*+"2) (567) 

of the form (|479p with the momentums koi 7^ ko2, energies Eqi 7^ ^02 and phases ai ^ a2- 

In the case of the relativistic composition of the unit-fields (j566p and (j567p . the relativistic interaction (cross- 
correlation) terms are given by Eqs. (|548p and (|549p as 

^12 - / H2 + (^01^02 + rar,2)] a2^,i*0^2e-'(''°^'-^°^*)e^('^°^"^-^°^*+"^)d3x (568) 

and 

^21 = / [k^i (moimo2 + V.^Ta)] 0^0,2 V^le*(''°^'^-"°^*^e-^(''-^-^«=*+"=)d3x, (569) 

where the eigen parameter rf„ is determined by Eq. (I473P in the form of the Helmholt (rf„ 7^ 0) or Laplace (r^„ = 0) 
gauge 

V20„ + r2„0„ = 0. (570) 

Then the total relativistic interaction (cross-correlation) term is given by 

f 12,21 = f 12 + ^21 (571) 

where koi ^ ko2, £01 £02, ^oi ^ too2 and Vn ^ Vi2, and Aki2 = koi - ko2, A£i2 = £01 - £02 and Aai2 = ai - a2- 
It should be mentioned that the relativistic interaction (cross-correlation) terms in the 4th version of the model (Sec. 
5.2.1.) are described by Eqs. (|568l) and (|569p . where the parameters kpg and kp^^ should be replaced respectively by 
the values koiko2 and ko2koi. In the case of kpi — ko2, the terms of the 1-st and 4-th versions are indistinguishable 
from each other. 

The non-relativistic energies associated with the first and second relativistic unit-fields are given by Eqs. (|559p and 
(|560l) with the aforementioned gauges in the general form respectively as 

ao'^^l*<^!>i2e"''(•'''l'""""*+"l)e*('"'=^'■'^°^*+"^)d='a; (572) 




- , a20i2*0iie*(''°^""-''°^*+"^^e-*(''''='-^''=*+"^)d3a;, (573) 

2mo J / 

/toqi V™02. Then the total non-relativistic interaction (cross-correlation) energy is given by 
£12,21 = £12 + £21- (574) 

Notice, the non-relativistic interaction (cross-correlation) energies in the 4th version of the model (Sec. 5.2.1.) are 
described by Eqs. (|572p and (|573p . where the parameters kgj and kg^ should be replaced by the values koiko2 and 
ko2koi. Naturally, in the case of koi = ko2, the interaction energies of the 1-st and 4-th versions are indistinguishable 
from each other. 

Equations (|566p - (|574p describe the interaction energies of the unit-fields (particles) having the de Broglie generators 
ipon and the arbitrary Laplace (rf„ = 0) or Helmholtz {Tf^ 0) ACs <j)in calibrated by the gauge (|473p . It should be 
stressed that the total relativistic cross-correlation term (I57ip and the total non-relativistic cross-correlation energy 
()574p associated with the 1-st and 2-nd unit-fields do depend on the phases ai and a2 of the interfering unit-fields 
(particles). In the case of unit-fields (particles) having the probabilistic (for instance, thermal) distributions of the 
values k„, £„ and ai2 in macroscopic bodies (macroscopic composite "particles"), the values (|57ip and (|574p should 
be averaged using these probabilistic distributions. 
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7.2. The interference (interaction) of the unit-fields having the de Broglie generators tpon and the spherically 

symmetric, one-component Laplace-ACs (j)i„: The non-quantum and quantum pure gravitation and pure 

electromagnetism 

1. The Newton-like and Lorentz-like non-quantum and quantum pure gravitations 

Let me consider, for the sake of simplicity, the equations for the two miit-fields, namely for the unit-fields ?Aoi = 
(|538p and '002 = i/'02<i>2 (|539p of the composite field ip = i/'oi'&i + '(/'02$2 (|540p . where the total associate- 
components {TACs) have the one- component forms <i>° = 0ji and $2 = 4>i2- a-nd the relevant values are given 
by koi = ko2 = kg, £01 = £02 = ^o, "^oi = ™02 = "^o, «! = 012 = and T^i = V^2 = T^. An analysis 



of the unit-fields (particles) (j538l) and (|539|) having the de Broglie generators ■001 (r,t) 

i(ko2r-eo2t+Q2) 



OoeHkoir-eoit+ai) (|^ 

and -002 (r,t) = agg*''^''^''"^''^*''""^'' (I567P and the spherically symmetric regular (|498p or irregular (|499p Laplace-ACs 
shows that only the one-component unit- fields (|538[) with the irregular Laplace-ACs and the intrinsic orbital quantum 
number Z„ = 1 and the respective intrinsic "magnetic" quantum numbers s„ = m„ = ~1,0, 1 of the unit-field spin 
may be considered as candidates for the pure-gravitational interaction with the interaction energy l/R. Among 
the candidates, the only unit-fields with the quantum numbers In = 1 and Sn = satisfy the experimentally observed 
physical properties of the gravitation. Indeed, in the case of the first irregular Laplace- AC [(f>ii — 0Gi(r)] centered at 
the origin and the second irregular Laplace-AC [0^2 — 0G2(r — R)] located at the distance R — |R| = IR12I in the 
azimuthal direction, the relativistic gravitational interaction (cross-correlation) total term (|57ip has the form 



£l2,2l{R, hj2,Si, S2) = koik 



02 



2 f^'^ f 

Ais-^Ais^Oq / dOsinO I dip I 

Je=o Ju>=o Jo 



-\-m01m02 



Ais^Ais^Oq / dOsinO I dip / r dr 



ip=0 JO 



2 , 1 f{r,R,e,ip,si,S2) 
\^ |r-RP 



2 , 1 f{r,R,0,(p,si,S2) 



Ir-RI' 



(575) 



where 



r?i = = rl, = r^^ = o 



(576) 



and the Laplace-AC amplitude Ai^s„ can be an arbitrary constant [see, Eq. (|499p ]. Here, the angle factor 
/(r, R, 9, iy9, si, S2) associated with the spherical harmonics is given by 



/(r, R, 0, ^, s,,S2) = Y^;*{e, ip)Y,l^ {6, ^2) + Y^^ {9, v)Y,^^*[e, ^2), 



(577) 



with 



Y^-\e,^)^\l^sin9e-''^, 



(578) 



(579) 



yi"(0,^) = y°(^,^2) 



cosO, 



(580) 



■^sinOe''^ 

IT 



(581) 



and 



^2) 



(582) 



where the intrinsic orbital quantum numbers have the values /i = Z2 = 1, the intrinsic "magnetic" quantum numbers 
have the values si = —1, 0, 1 and S2 = —1, 0, 1, and the angle ip2 — 'P2{'>', R, ^) denotes the azimuthal angle associated 
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with the vector r — R in the spherical coordinate system of the second AC. Notice, a simple analysis shows that 
Eqs. ([572]) - ([574t derived by using the non-relativistic (Newton) approximation of the unit-field (particle) energy 
do not describe correctly the gravitational interactions. That means that the gravitationally interacting unit-fields 
(elementary particles) are relativistic objects describing rather by the Einstein particle energy than by the Newton 
particle energy. In order to exclude the singularities in Eq. (|575p associated with the points r = and r — R = 0, 
one should suppose that the gravitational AGs (t)Gi{^) and ^02(1" — R) are hollow around these points in the boUs of 
the gravitational radius rff. The assumption yields the relativistic gravitational interaction (cross-correlation) term 
with the modified integration boundaries: 

£l2,2l{R, Sl,S2) = koiko2/G + '71o1"1o2/g, 

where the gravitational geometrical factor 



(583) 



/g = f g{R, 81,82) 



(584) 



is given by 



fciR, 81,82) = Ais^Ais^al 



27r fR-i'Qjow/'^ r°° 

ddsinO I dip / dr 

V=0 Jr§ JR+rg^p/'^ 



fjr, R,e,(p,si,S2) 
|r-R|2 



(585) 



The value |r — R|, which is calculated by using a simple geometrical analysis of the two vectors, is a function of the 
parameters r, R, 9 and ip. Correspondingly, the low [r^i^^) and upper (r^^p) integration limits are calculated by 
using this geometrical analysis as functions of the parameters r, R, 9, cp and rff . The radius 

r^r§ (586) 

could be considered as the classical radius of a gravitationally interacting particle. Among the unit-fields (particles) 
with the intrinsic "magnetic" quantum numbers s„ — —1, 0, 1 only the unit- field (particles) with Sn — demonstrate 
the " spin-less"^ behavior 12,21(^7 si, S2) — fi2,2i(-R)] that correspond to the non-quantum (Newton and Einstein) 
gravitation. The infinite upper integration boundary in Eqs. (|575|) and (|585p corresponding to the infinite ACs is 
in agreement with a fact that the Newton and Einstein interactions are described by the infinite gravitational fields. 
Although the interaction energy of unit-fields (particle) with the spins s„ = —1,1 obey the gravitation-like dependence 
~ 1/R, the only unit-fields with the spins s„ = rfo satisfy the spin-independent interaction of the Newton and Einstein 
gravitations. In the case of the spins si = S2 — 0, the relativistic gravitational interaction (cross-correlation) total 
term is given by Eqs. (|583|) - (|585|) as 



^12,21 



{R) = 



koi k, 



02 



moi mo2 



47( 



moiTOo2 



R 



47( 



moir7io2 



R 



(587) 



with the gravitational parameter 



7G = {l/A)RAis,Ai, 



d9sin9 



dip 



72 



dr 



fir,R,9,ip,0,0) 
|r-R|2 



(588) 



The field strength of the gravitational interaction is determined by the gravitational parameter 7g, while the long 
range of the gravitational interaction is attributed to the long-range geometrical factor fciR) ~ of the unit- 
fields with the irregular Laplace- ACs. In order to be in agreement with the Newton and Einstein gravitations, the 
gravitational parameter (|588p that does not depend on the value R at the distances R » r^, should be adjusted 



7g {R, rQ ) at the extremely small 
'q) distances between the two unit-fields (particles) gives the new inside the physics of the non-quantum and 



to the value of the Newton gravitational constant. Notice, the dependence 7g 
(i? ^ r, 
quantum gravitations. 

The weak-relativistic (£12,21 << £§1 + ^02) interaction forces p54p and pSSp acting upon the first and second 
unit-fields (particles) have respectively the forms 



4 oti TOol mo2 



7G- 



moimo2 R 



i?2 R 



IG- 



moimo2 R 

i?2 R 



(589) 



and 



4 aK moi mo2 



7G- 



moiTOo2 R 

i?2 R 



IG- 



moimo2 R 



i?2 R 



(590) 
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The forces (|589p and (|590|) acting between the "moving" (koi = ko2 = ko 7^ 0) unit-fields could be considered as 
the Lorentz-like gravitational forces. The present model, which modifies the Einstein general relativity, predicts the 
relativistic gravitational interaction (cross-correlation) energy 



and the respective forces 



^12.21 (-^) 



F(2(R) 



kpi ko2 

jTiQi mo2 



47G 



TOoimo2 



TOol 77102 



7G- 



TO01TO02 R 

i?2 i? 



(591) 



(592) 



F^i(R) 



^^01 ^^02 

moi mo2 



7G- 



moimo2 R 



i?2 i? 



(593) 



that do not exist according to the modern field theories. That means that the present model, in addition to the 
Newton gravitational force and interaction- energy associated with the unit- fields at "rest" (kgi = ko2 = 0), predicts 
the Lorentz-like gravitational force and interaction- energy attributed to the "moving" (kgi = ko2 7^ 0) unit-fields. 
The "new" gravitational interaction (cross-correlation) energy £(2 2i{R) and the "new" force f{2(R) = — F2]^(R) 
describing by Eqs. (|59ip - (j593l) logically to consider as the fifth fundamental energy and force, which could explain 
the recently-discovered accelerating expansion of Universe, as well as the CP violations, the cosmological dark matter 
(energy-mass) and the dark flow. The gravitational interaction acting between the unit-fields at "rest" in the present 
model is given by the Newton gravitational interacton- energy: 



and the Newton gravitational forces 



^12,21 (-R) 



Ff2(R) = 



47G 



moimo2 
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TO01TO02 R 
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(594) 



(595) 



F^i(R) 



7G- 



'mQimo2 R 



i?2 R 



(596) 



One can easily recognize the formal similarity between the above-presented gravitational model and the classical 
(non-quantum) electrostatics and magnctostatics. Equations (j587[) - (j596[) may be presented in the terms of the 
"electrostatic-like" and "magnetostatic-like" gravitational fields and "potentials" as 



'S'i2,2i(^^) - £(2,2iiR) + ^12,21 I 



(597) 



£(2 2iiR) = koiUiiR) + fco2 C//(i?) 



rf2(R)=koiB2^(R) 
F2^i(R)=ko2Bf(R) 

S^2,2iiR) - ^oiU^iR) + mo2C/f (i?) 



Ff2(R)-moiE^^(R) 



N/ 



F^i(R)=mo2E^VR), 



(598) 
(599) 
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(601) 
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where Ul{R) = ko22ja^ and U{ (R) = koi2jGji are respectively the magnetic-like gravitational potentials mediating 
by the "moving masses" of the second and first unit-fields (particles); B2(R) = ko27G-^^ and B{(R) = — koi7G-^^ 
are respectively the magnetic-like gravitational fields inducing by the "moving masses" of these unit-fields (particles); 
U2 [R) — rno22jG-^ and (R) — mQi2'jG^ are respectively the Newton (electric-like) gravitational potentials 
mediating by the "non-moving masses" of the second and first unit- fields (particles) at "rest"; (R) — too27G"^§ 
and Ef'(R) = — tooi7g-^§ are respectively the strengths of the Newton (electric- like) gravitational fields mediating 
by the "non- moving" masses of these unit-fields (particles). Thus, in the terms of electrostatics, the gravitational force 
acting between the unit-fields (particles) at rest could be interpreted as the Newton ("electrostatic") force inducing 
by the electric-like gravitational field of the "non-moving masses". The fifth gravitational force (interaction energy) 
could be considered as the "magneto static" gravitational force (interaction energy) mediating by the magnetic-like 
gravitational field of the " moving masses" . In the terms of electrostatics and magnetostatics, the combined action 
of the electric-like and magnetic-like gravitational fields could be interpreted as the Lorentz-like gravitational force 
mediating by the electric-like and magnetic-like gravitational fields. 

Equations (|589p - (|603p are valid for the weak relativistic (£12,21 << ^oi + ^02) interaction, which is the case of 
the most of experimental conditions. The other two interaction conditions, namely the strong relativistic and non- 
relativistic gravitational interactions, are also possible. Under the strong relativistic (£12.21 ^ Eqi + ^02) gravitational 
interaction, which corresponds to the extremely small distance R ^ r^, one should use the above-derived equations 
with the relations p47p . pSOp and psip instead of the relations (|354p and (|355p . The strong-relativistic gravitational 
interaction forces pSOp and psip acting upon the first and second unit-fields (particles) have respectively the forms 

Fi2(R)--i^ei2(i?) (604) 

and 

F2i(R) - \^^i2{R). (605) 
where the gravitational interaction energy £12 (-R) is given by Eq. p47l) as 

£12,21 = (£01 + £02 + £12,21)'/' - (£01 + £02), (606) 

with the relativistic cross-correlation (interaction) total term £12,21 given by Eqs. ()575p - ()586p . It should be stressed 
that Eqs. ()575p - ()603p are valid in the particular case of the dc Broglie generators of the unit-fields having the same 
moments. Although the distance i? ~ rp probably can be realized in some very particular experimental conditions, 
for instance inside a cosmological black hole, the unit-field generators of such unit-fields (particles) are not the de 
Broglie waves. In other words, the strong relativistic gravitational interaction of the real unit-fields (particles) should 
be described rather by the equations (|6UI| - (|606| than Eqs. (f587|) - (|603| . 

The gravitational interaction between the two unit-fields determining by Eqs. (|575p - (|596p may be interpreted 
not only by using the " electric- like" and "magnetic- like" gravitational fields and potentials [Eqs. (|597l) - (|603p ]. but 
also in the terms of the virtual particles. The relativistic energy of the composite field (particle) composed from the 
gravitationally interacting unit-fields (particles) is given by Eq. pSip as 

£' = £^1 + £§2 + £12 + £21 = £01 + £02 + ^12,21, (607) 

The energies squared e^i and £q2 could be attributed to the "moving" and "non-moving" masses of the 1st and 2nd 
relativistic normal unit-fields (elementary particles). The gravitational cross-correlation terms £12 = £12(^011 '"1-02) 
and £21 = £21(^02, TOoi) could be attributed to the "moving" and "non-moving" masses of the 1st and 2nd relativistic 
normal unit-fields. The gravitational cross-correlation terms £12 and £21 associated with the masses and gravitational 
interactions may be considered as the 3rd and 4th virtual relativistic unit-fields (elementary particles) attributed 
to the relativistic gravitational interaction. Thus the relativistic gravitational interaction between the two normal 
relativistic unit-fields (elementary particles) could be considered (interpreted) as the interplay of the four unit-fields 
(particles), where the composite field (particle) is composed from the 1st and 2nd normal unit-fields (particles) and 
the 3rd and 4th virtual unit-fields (particles). In the case of the weak relativistic (£12,21 << £§1 + £02) interaction, 
the energy £12,21 — £12,21 (£12,21) of the 3rd and 4th virtual unit-fields (particles) is given by Eq. ([353]). For more 
details of the virtual-particle interpretation see the comments to Eq. (I38ip . The virtual relativistic unit- fields (ele- 
mentary particles), which carry the gravitational force and energy, logically to call the virtual gravitons. Since the 
physical properties of the interaction energy attributed to the energy of the 3rd and 4th virtual relativistic unit- 
fields (elementary particles) are determined by the gauge (|473p with the eigen parameter = FgiFg2 = 0, which 
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could be interpreted in the total (effective) mass (moimo2 + ^01^02)^^^ = {moimo2y^'^ as the gauge-mass squared 
of the gravitational AC, the virtual particles may be considered as the mass-less gauge bosons {virtual mass-less 
gauge gravitons). The name virtual graviton corresponds to the hypothetical carrier of the quantum gravitation in 
the modern literature devoted to the quantum gravitational fields and interactions. In the frame of the Heisenberg 
energy uncertainty relation and the perturbation approximation, the long range of the gravitational interaction may 
be formally (phenomenologically) attributed to absence of the rest mass of gravitons. However, the present model 
gives the microscopic explanation of the phenomenon.. The long range of the gravitational interaction is attributed to 
the long-range geometrical factor /g(-R) ^ (|585p of the unit-fields with the irregular Laplace- ACs, where the field 
strength of the gravitational interaction is determined by the gravitation constant 70 (I588|) . One should not confuse 
the non-virtual^ mass-less, one-component gravitational unit-fields {non-virtual gravitons) describing by Eq. (I400|) 
with the rest-mass toq = and the index I = G, which has the form (j)onOijjon + iponOcliGn = 0. The non-virtual grav- 
itational unit-fields (gravitons) that satisfy this equation have the structure-less form (j235p of the the time-harmonic 
plane waves Von(r,t) = ?/io„(r, t)0G„(r, t) = ao„e'(''»""-'^°"*) with the generator ipon{r,t) = 7^e'(^0"/2l'-[^°"/2l*) 
and associate-component (f>Gn{Y,t) = y^ao^e**-^'^""^^!''"!'""/^!*-' that are indistinguishable from each other. The non- 
virtual gravitons have the zero rest- mass (mo = 0) with the respective energy- mass relation £q„ = kQ„. In contrast 
to the massive unit- fields (particles), which obey the time-independent ACs {4>Gn = 0), the non-virtual^ mass-less, 
one-component gravitational unit-fields {non-virtual gravitons) have the time- dependent ACs {4>Gn 7^ 0). In such a 
case the gauge (14021) provides the balance between the temporal and spatial variations of the non- virtual gravitational 
unit-field (non-virtual graviton). Notice, in the case of the unit-field '0on(r, i) = ij^On^n with the TAG $° = 1, the 
structure-less unified unit-field V'on attributed to the n-ih. unified elementary particle is indistinguishable from the 
unit-field generator tpQn (for comparison, see Eq. (|392p and the relevant examples in Sec. I of the present study). 

For the sake of simplicity, I have presented the model [Eqs. (|575p - (I607|) ] for the two (A^ = 2) unit-fields (particles) 
with the moments koi = ko2 = kg. One can easily follow the model for an arbitrary number N of the unit- 
fields (particles) having the de Broglie generators V'On(r, i) = aQe*(*'0"''~'^0"*) with the moments ko„ — ikp. The 
model with iV >> 1 describes the classical (non-quantum) gravitational fields and interactions that correspond to 
the case of Newton's and Einstein's gravitations {non-quantum gravitations). The model based on Eqs. (|604|) - 
(|606p corresponds to the case of quantum gravitation. It should be stressed that among the unit-fields (particles) 
with the intrinsic "magnetic" quantum numbers s„ = — 1, 0, 1 of the unit- field spin only the unit- fields (particles) with 
Sn = demonstrate the spin-less (non-quantum) behavior [£i2,2i{R, 81,82) = £i2,2i{R)] that satisfies the non-quantum 
(Newton and Einstein) gravitation [Eqs. (|587p - (|603p ]. The spin-less (non-quantum) gravitational interaction of the 
unit-field (particles) with the gravitational ACs having Sn — could be considered as the pure-attractive interaction of 
boson-like unit-fields {bosons) that explains the Bose-Einstein condensation and stotistics of such unit-fields (particles). 
The spin- dependent (quantum) gravitational interaction between the two unit-fields is described by the interaction 
energy £i2,2i{Rt si, S2) determining by Eqs. (|575p - (j586p with the intrinsic "magnetic" quantum numbers {si = 1, 
S2 = 1), (si — —1, S2 = —1), (si = 1, S2 = —1) or (si — —1, S2 = 1). If the unit-field (particles) with s„ = 1 and 
s„ = — 1 do exist somewhere in Universe, then Eqs. p54p and pSSp and Eqs. (|350p and (|35ip should determine the 
repulsive (si = S2) and attractive (si ^ S2) quantum- gravitational forces between the unit-fields (particles). The spin- 
dependent (quantum) gravitational interaction of the unit-field (particles) with the gravitational ACs having s„ 7^ 
could be considered as the gravitational interaction of the fermion-like unit- fields {fermions). The spin- dependent 
(quantum) gravitational interaction that attract or repel the fermion-like unit- fields (particles) could be considered as 
a physical background of the Pauli exclusion principle and the Fermi-Dirac statistic of the gravitationally interacting 
unit-fields (particles). It should be also noted that in the case of the two normal unit-fields (elementary particles) 
having the same "magnetic" numbers si = S2, the unit- fields (particles) can annihilate. Indeed, the unit- fields are the 
solutions of the equations of motions of the present model for both the Ais^ and —Ai^^ amplitudes. The Laplace- AC 
amplitude ^i„s„ can be an arbitrary constant [see, Eq. (I499p ]. The two unit-fields with si — S2 can satisfy the 
annihilation condition in the case Ais-^ = —Ais^. The unit-field (particle) with the positive value of Ai^-^ could be 
considered as a normal unit-field (particle), while the unit-field (particle) with the negative value of Ai^^ could be 
considered as an anti unit- field {anti-particle). 

The annihilation of the gravitationally interacting unit-fields with the spins si = S2 = does not require adjustments 
of the unit-field spins in contrast to the gravitationally interacting unit-fields with the spins si = S2 = il ■ The more 
easy annihilation of the gravitationally interacting unit-fields with the spins s„ = in comparison to the unit-fields 
having the spins si = §2 = ±1 should result into domination of the non-zero spin unit-fields. The absence of the 
gravitationally interacting unit-fields with the spins s„ 7^ 0, if they really have been created under the cosmological 
Big Bang, could be considered as a fact that such unit-fields (particles) have been produced in the negligible amount 
in comparison to the gravitationally interacting unit-fields with the spins si = S2 = 0. It should be noted again 
that Eqs. (I575P - (|603p are valid in the particular case of the de Broglie generators -001 (r,i) = aoe*'''''^''"^''^*'' (|566p 
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and V'02(r,0 = aoe^^^°^'^~'^°^*^ (|567p . If the unit-field generators are not the de Broghe time-harmonic plane-waves, 
then the pure gravitational interaction of the unit-fields (particles) are determined rather by the general Eqs. (j546p 

- (|556p than the particular Eqs. (|575p - (|603p . One can easily follow the present model for any hypothetical unit- 
field (particle) with the spherically symmetric regular Laplace- AC (j498p if such a kind of elementary particles exists 
somewhere in the Universe. Notice, the unit- fields with the spherically symmetric regular Laplace-ACs (|498p should 
have the finite external dimensions. 

2. The Coulomb and Lorentz interactions of the electrically charged unit-fields (particles): The non-quantum and 
quantum pure electromagnetisms 

Among the unit-fields (particles) (|538|) and ()539|) having the de Broglie generators (j566p and (j567p and the spherically 
symmetric regular (|498|) or irregular ()499p Laplace-ACs only the one-component unit- fields ()538|) with the irregular 
Laplace-ACs and the intrinsic orbital quantum number In — 1 and the intrinsic "magnetic" quantum numbers s„ = 

— 1,0,1 may be considered as candidates for the pure electromagnetism describing by the Coulomb and Lorentz 
interactions of the electrically charged unit- fields (particles) with the interaction energy ~ 1/i?. Among the candidates, 
the only unit-fields with the quantum numbers Z„ = 1 and s„ = ±1 obey the physical properties of the quantum 
electromagnetism. Since the ACs of the electrically-charged unit-fields (particles) are indistinguishable from the ACs 
of the gravitationally interacting unit-fields (particles) , the electrically and gravitationally interacting unit-fields are 
described by the similar interaction (cross-correlation) total terms. Although the descriptions are similar in many 
aspects, the physical nature of the electrical ACs associated with the electric charges of the unit-fields is different from 
the gravitational ACs associated with the unit-field masses. For the comparison, see the previous section devoted to 
the gravitation. In the case of the first irregular Laplace- AC (/'ii(r) = (?!)ci(r) centered at the origin and the second 
irregular Laplace- AC 4>i2{v — R) = 0c2(r — R) located at the distance R = |R| = IR12I in the azimuthal direction, 
the relativistic electric (Coulomb) interaction (cross-correlation) total term (|57ip has the form (|575p : 



£i2,2i(R, hjh, si, S2) = koik. 
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li = l2^ 1. (609) 

Here, the angle factor /(r, R, 6, Lp, si, S2) associated with the spherical harmonics is given by 

/(r, i?, 0, ^, s,,S2) = Y^l^*{0, cp)Y,l^{0, P2) + {0, ip)Y,l^*{0, ^2), (610) 

where the intrinsic orbital quantum numbers have the values = ^2 = 1, the intrinsic "magnetic" quantum numbers 
have the values si = —1,0,1 and S2 = —1,0,1. The other parameters have the meanings of the previous section 
devoted to the gravitation. Notice, a simple analysis also shows that Eqs. (|572p - (|574p derived by using the non- 
relativistic (Newton) approximation of the unit-field (particle) energy do not describe correctly the interaction of 
electrically charged unit- fields (particles). That means that the electrically charged unit-fields (elementary particles) 
are relativistic objects describing rather by the Einstein particle energy than by the Newton particle energy. In order 
to exclude the singularities in Eq. (|608p associated with the points r = and r — R = 0, one should suppose that 
the electric (Coulomb) ACs 0c'i(r) and 0c2(r — R) are hollow around these points in the bolls of the Coulomb radius 
Tq*, which could be different in the general case from the gravitational radius {r^ r^)- The assumption yields the 
relativistic electric (Coulomb) interaction (cross-correlation) term with the modified integration boundaries: 

fl2,2l(i?, Sl,S2) = koiko2/c + '7loi"102/c, (611) 

where the electrical (Coulomb) geometrical factor 

Ic = fc{R,suS2) (612) 



is given by 



f ^ A A -I ■ a f^-<^^-/' f°° ^ f{r,R,0,ip,suS2) 
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A simple analysis shows that the radius 



(614) 



could be considered as the classical radius of an electrically interacting particle. The introduction of the integration 
boundary of an electrically interacting unit-field (particle) into the present model explains in the microscopical 
details why the canonical quantum mechanics, quantum field theories and SM of the dimension-less point-particles do 
require different renormalization procedures to avoid the field singularities and divergences. In fact, the renormalization 
procedure is a hidden introduction of the dimension Tq' of the dimension-less point-particle. Among the unit-fields 
(particles) with the intrinsic magnetic quantum numbers s„ = —1,0,1 only the unit-field (particles) with s„ = 
demonstrate the spin-less" behavior i2,2i(^, si, S2) — £i2,2i{R)] that satisfy the non-quantum (Coulomb and 
Lorentz) interactions. The infinite upper integration limit in Eqs. (|608l) and (j613p corresponding to the infinite ACs 
of the unit-fields is in agreement with the infinite fields of the Coulomb and Lorentz interactions. If the spin numbers 
si = S2 = 0, then the relativistic electric interaction (cross-correlation) total term is given by Eqs. (|608p - (|613l) as 
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where the field strength of the interaction is determined by the interaction parameter 
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while the long range of the interaction is attributed to the long-range geometrical factor fc {R) ^ 1 /R of the unit- 
fields with the irregu/ar Laplace- ACs. Notice, the Laplace- AC amplitude ^i„s„ can be an arbitrary constant [see, Eq. 
()499p ]. In Eq. (|616|) . the amplitude Ai^s„ is presented in the form Ai^^^ (r7i„/g„) that corresponds to the electric 
(electromagnetic) interaction mediating by the electrical (Coulomb) charges. To satisfy the Coulomb and Lorentz 
interactions, the electrical parameter ()616p that does not depend on the value R at the distances R» r^ , should be 
adjusted to the Coulomb constant. The value qi = ±|gi| and 52 = i|92| could be interpreted as the electric charges 
of the first and second unit- fields (particles). In contrast to the traditional quantum field theories, the Laplace-AC 
amplitude associated with the electric charge of the electromagnetically interacting unit-field (particle) gives the 
physical (non-phenomenological) explanation of the electric charge. Notice, the dependence 7c = "fc{Rifo) at the 



extremely small (i? 



distances between the two unit-fields (particles) gives the new inside the physics of the 



non-quantum and quantum electromagnetism. 

The weak-relativistic (£12,21 << ^oi + ^02) interaction forces (|354[) and pSSp acting upon the first and second 
electrically charged unit-fields (particles) have respectively the forms 

Fl2(R) 



15 koi ko2 

'T^£l2(«) = 

4 oK TOoi mo2 



and 



F2l(R)44£l2(i^) 



km k 



02 



TOoi mo2 



9oi9o2 


R 




9oi9o2 


R 


r R' 


R. 






R. 


9oi9o2 


R 




9oi9o2 


R 


^2 


R 




7c ^2 


R 



(617) 
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The forces (|617p and (I618P acting between the "moving" (koi = ko2 = kp ^ 0) unit-fields could be considered as the 
Lorentz forces. Naturally, Eqs (|615p - (|618p may be interpreted using the conventional terms 



£i2,2i{R) - ^liaiiR) + ^12,21 I 
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£?2,2i{R) = 901(7^(7?) + qo2U?{R) (623) 
Ff2(R) = goiE^(R) (624) 
FCi(R)=go2E^(R), (625) 



of the electrostatics and magnetostatics, where U2 ^{R) = q2^^2^c^ and Uf"^ {R) ~ li'^^'^lc-^ denote respectively 
the magnetic potentials mediating by the " moving charges'" of the second and first unit-fields (particles) ; (R) — 
and B*^(R) = "'J'l^^TC"^^ are respectively the magnetic fields inducing by the "moving charges" 
of these unit-fields; U2 {R) = 9o227c-^ and {R) = (7oi27c-^ denote respectively the Coulomb potentials mediating 
by the "non- moving charges" of the second and first unit-fields (particles) at "rest"; E^(R) = qo2lc^^ and 
Ef (R) = — (Zoi7C"/|2§ are respectively the strengths of the Coulomb fields mediating by the "non-moving" charges 
of these unit-fields. Thus, in the terms of electrostatics, the electrostatic force acting between the charged unit- 
fields (particles) at rest could be interpreted as the Coulomb force inducing by the electric field of the "non- moving 
charges". The magnetostatic force (interaction energy) could be considered as the magnetostatic force (interaction 
energy) mediating by the magnetic field of the " moving charges" . The combined action of the electric and magnetic 
fields could be interpreted as the Lorentz force mediating by the electric and magnetic fields. One could mention 
that the above-presented " elementary" magnetic and electric fields do satisfy the well-known electrodynamic relation 
B = V X E = m~^k X E for the macroscopic magnetic and electric fields. 

Equations (|615p - (j625l) describe the weak relativistic (£12,21 << ^oi + ^02) interactions between charged unit- 
fields. The other two interaction conditions, namely the strong relativistic and non-relativistic interactions between 
electrically charged unit-fields, are also possible. Under the strong relativistic (£12,21 ~ £01 ~^ ^02) interaction, which 
corresponds the extremely small distance R ^ r^ , one should use the above-derived equations with the relations 
(|347p . p50p and p5ip instead of the relations p54|) and p55|) . The strong-relativistic interaction forces (|350p and 
((35T|) acting upon the first and second unit-fields (particles) have respectively the forms 

and 

F2i(R) = \^^i2{R). (627) 
where the interaction energy £12 (i?) is given by Eq. (|347|) as 

£12,21 = (£01 + £02 + £12,21)'/' - (£01 + £02), (628) 

with the relativistic cross-correlation (interaction) total term £12,21 given by Eqs. (j601|) - (j607|) . It should be stressed 
that Eqs. (|615p - (|625|) are valid in the particular case of the de Broglie electromagnetic generators V'on of the unit- 
fields having the same moments. Although the distance R ro can be easily realized experimentally, the unit-field 
generators of such unit-fields (particles) are not the de Broglie waves because of the strong interaction. In other words, 
the strong relativistic interaction of the charged unit-fields (particles) should be described rather by the equations 
(I6T7)) - (inil) than Eqs. - (l625|) . 

The Coulomb and Lorentz interaction between the two electrically-charged unit-fields determining by Eqs. ()608|) - 
(|628l) may be interpreted not only by using the electric and magnetic fields and potentials [Eqs. (I619P - (|625p ]. but 
also in the terms of the virtual particles. The relativistic energy of the composite charged-field (particle) composed 
from the electromagnetically interacting unit-fields (particles) is given by Eq. (|381l) as 

£2 ^ + + £12 + £21 = £01 + £02 + ^^^12,21, (629) 

The energies squared e^^ and £q2, which do not depend on the electric charges of the 1st and the 2nd unit-fields 
(elementary particles), could be attributed to the "moving" and "non- moving" masses of the 1st and 2nd relativistic 
norma/ unit-fields (particles). The electrical cross-correlation terms £12 = £12(9017 902) and £21 = £21(902, 901) could be 
attributed to the "moving" and "non- moving" electric charges of the 1st and 2nd relativistic normal unit-fields. The 
electrical cross-correlation terms £12 and £21 associated with the electric charges and electrical interactions could be 
considered as the 3rd and 4th virtual relativistic unit-fields (elementary particles) attributed to the relativistic electrical 
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interaction of the 1st and 2nd normal electrically charged unit-fields. Thus the relativistic electromagnetic interaction 
between the two normal electrically charged unit-fields (elementary particles) could be considered (interpreted) as 
the interplay of the four unit-fields (particles), where the composite field (particle) is composed from the 1st and 
2nd normal charged unit-fields (particles) and the 3rd and 4th virtual unit-fields (particles) . For more details of the 
interpretation based on the use of virtual particles see the comments to Eq. p8ip . The virtual relativistic unit- fields 
(particles), which carry the electromagnetic (Coulomb and Lorentz) forces and energy, logically to call the virtual 
photons. Since the physical properties of the interaction energy attributed to the energy of the 3rd and 4th virtual 
relativistic unit-fields (particles) are determined by the gauge (|473|) with the eigen parameter = FciFc2 = 0, 
which is interpreted in the total mass (moimo2 + ^01^02)^^^ — ("^oi'7i02)^^^ as the gauge-mass squared of the 
electrical AC, the virtual particles may be considered as the mass-less gauge bosons [virtual mass-less gauge photons). 
In the frame of the Heisenberg energy uncertainty relation and the perturbation approximation, the quantum field 
theories and SM have phenomenologically attributed the long range of the electromagnetic (Lorentz) interaction to 
absence of the rest mass of gravitons. The present model gives the microscopic explanation of the phenomenon. 
The long range of the electromagnetic interaction is attributed to the long-range geometrical factor fc{R) ^ l/R 
()613p of the unit- fields with the irregular Laplace- AGs, where the field strength of the electromagnetic interaction is 
determined by the electrical (Coulomb) constant 7c (|616p . Here, one should not confuse the non-virtual, mass-less, 
one-component electromagnetic unit-fields (non-virtual photons) describing by Eq. (|400p with the rest-mass mo = 
and the index I — C, which has the form (pcnOtpon +'4'0nO(f)cn = 0. The non-virtual electromagnetic unit-fields [non- 
virtual photons) that satisfy this equation have the structure-less form (I235P of the the time-harmonic plane waves 
TPon[r,t) = '0on(r,i)'/'Cn(r,t) = ao„e*(''«"'-'^""*) with the generator ■4^on[r,t) = 7i^^e*([''«"/2]r-[eo„/2]t) ^^^^^ associate- 
component 0c'n(r, i) = .y/aorie*''^'^''"/^l''~[^°"/^l*-' that are indistinguishable from each other. The non-virtual photons 
have the zero rest-mass (mo = 0) with the respective energy- mass relation Epn = ^On- contrast to the massive 
unit-fields (particles), which obey the time-independent AGs [4>cn = 0), the non-virtual, mass-less, one-component 
electromagnetic unit-fields [non-virtual photons) have the time- dependent AGs [4>cn 7^ 0). In such a case the gauge 
(I402p provides the balance between the temporal and spatial variations of the non- virtual electromagnetic unit-field 
(non- virtual photon). Notice, in the case of the unit- field ■!/'On(r, t) = ipon^n with the TAG = 1, the structure- 
less unified unit-field il^^n attributed to the n-th unified elementary particle is indistinguishable from the unit-field 
generator ipQn (for comparison, see Eq. p92p and the relevant examples in Sec. I of the present study) 

The model [Eqs. (|608p - (|629p ] describes interaction of the two [N — 2) electrically-charged unit-fields (particles) 
with the moments kgi = ko2 = ko. One can easily follow the model for an arbitrary number N of the electrically- 
charged unit-fields (particles) having the de Broglie generators ipon[ic,t) = aoe^^^°'^'^~^""*'> with the moments kon = 
±ko. The model [Eqs. (|615p - (|625|) ] with >> 1 and Sn = describes the classical (non-quantum) electrostatic and 
magnetostatic fields and interactions that correspond to the case of the Lorentz [non-quantum) interaction. In other 
words, such a model corresponds to the non-quantum interactions of the classical electrostatics and magnetostatics of 
the electrically-charged unit-fields (particles). Among the electrically-charged unit-fields (particles) with the intrinsic 
magnetic quantum numbers s„ = —1,0, 1 of the unit-field spin, the only unit-field (particles) with the spin numbers 
Sn = nin = demonstrate the "spin-less" [£i2,2iiR, Si, S2) = £i2,2i[R)] Lorentz classical behavior that satisfy the 
attractive [qi = — (72) and repulsive [qi = (72) electrostatic interactions Ffj and the attractive (gi = (72, koi = ko2 or 
qi = —(72, koi = — ko2 ) and repulsive (gi = q2, koi = — ko2 or qi = —q2, koi = ko2) magnetostatic interactions F^ of 
the electrically-charged unit- fields (particles). The purely attractive spin-less (Lorentz-like) "non-quantum" interaction 
+F12 of the unit-field (particles) with the electric AGs having the spin numbers s„ = 0, electric charges qi = —q2 
and momentums koi = — ko2 could be considered as the non- quantum" classical attraction of charged unit-fields 
[boson-like [qi = —q2, koi — — ko2) particles] that explains microscopically the Bose-Einstein condensation and 
statistics of such particles. Although the "spin-less" (s„ = 0) electrically charged unit-fields (particles) have not been 
yet detected, the model [Eqs. (|615|) - (|625p ] is good for the classical (Coulomb and Lorentz) description of the classical 
Coulomb and Lorentz forces. The spin- dependent quantum interaction between the two charged unit-fields, which is 
observed experimentally, is described by the Lorentz-like spin- dependent quantum interaction energy £i2.2i[R, Si, S2) 
determining by Eqs. \354^ , \355]) . h608\) - \614^ with the spin numbers (si = 1, S2 = 1), (si = —1, S2 = — Ij, (si = I, 
S2 = —I) or (si = —1, S2 — 1). In other words, Eqs. p54p . p55l) . (|608p - (|614l) determine the electromagnetic 
properties of the electrically charged unit-field (particle) and their connections with the unit-field spin. A simple 
analysis of Eqs. p54l) . (|355p . (|608p - (|614p for the two identically c/iargied unit-fields shows that the equations describe 
the repulsive [si = 52,(71 = 92, koi — ^02) and attractive (si ^ S2,qi = 52, koi = ko2) quantum forces associated 
with the Lorentz-like spin- dependent (quantum) interaction energy of the electrically charged fermion-like unit-fields 
(fermions). The Pauli exclusion principle states that no two identical [si = S2,qi = 92, koi = ko2) fermions may 
occupy the same quantum state simultaneously. The spin- dependent (quantum) repulsive or attractive interaction of 
the identically charged (qi = q2) unit-fields (fermions) having respectively the same (si = S2) or different (si 7^ S2) 
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spin numbers could be considered as the physical origin explaining microscopically the Pauli exclusion principle and the 
Fermi-Dirac statistics of the fermions, which in canonical quantum mechanics and SM have nature of the unexplained 
postulates. In contrast to the traditional quantum field theory and SM, which consider rather the fields of operators 
than the fields of particles, Eqs. p54p . (I355p . (I608P - (|614p determine the electromagnetic properties of the electrically 
charged unit-field (particle) and their connections with the unit-field spin naturally, without introduction of any pure 
mathematical object, like the spin matrix or operators. Moreover, Eqs. p54p . (13551) . (|608p - (|614p explain, probably 
for the first time, why the spin Sn — ±1/2 of the electrically- charged electron (fermion) in the traditional quantum 
field theory and SM is artificially increased in two times up to the value Sn = 2(±l/2) = ±1 in order to correspond 
the experimentally observed value 



of the electron (fermion) magnetic momentum, where /is = qn/'2mo denotes the Bohr magneton. The present model 
gives the correct magnetic momentum of the electrically-charged unit- field (fermion) having the spin s„ = ±1 without 
any artificial adjustment: 



It should be also noted that in the case of the two electrically charged normal unit-fields (particles) having the spin 
numbers si = S2 = ±1 and charges qi = -~q2, the unit- fields (particles) can annihilate. Indeed, the charged unit- 
fields are the solutions of the equations of motions of the present model for both the ^is„ and —Ais^^ amplitudes. 
The Laplace- AC amplitude ^i„s„ can be an arbitrary constant [see, Eq. (|499l) ]. The two charged unit-fields with 
Si = S2 can satisfy the annihilation condition in the case Ais-^ = —Aig^. In Eqs. (|608p - (|629p . the charged unit-field 
(particle) with the positive value of Ais^ could be considered as a normal unit-field (particle), while the charged 
unit-field (particle) with the negative value of Ai„i^ could be considered as an anti- unit field {anti-particle). The 
annihilation of the two charged unit-fields with si = S2 = does not require adjustments of the unit-field spins. 
The easy annihilation of the charged unit-fields with s„ = 0, if they really have been created under the cosmological 
Big Bang, could be considered as a physical mechanism of the absence of such unit-fields (particles) in the present 
Universe. It should be noted again that Eqs. ()608p - ()629p are valid in the particular case of the de Broglie generators 
ij)Qi{v,t) = aoe'('"'ir-eoit) (|566|) and ■0o2(r, = aoe'C'^^'-^o^t) ([557j) , If the unit-field generators are not the de 
Broglie plane-waves, then the pure electromagnetic interaction of the unit-fields (particles) are determined rather by 
Eqs. (|546p - (|556p than Eqs. (|608p - (|625p . The above-present model may be easily reformulated for any hypothetical 
unit-field (particle) with the spherically symmetric regular Laplace- AC (|498p if such a kind of elementary particles 
exists somewhere in the Universe. In such a case, the unit- fields with the spherically symmetric regular Laplace- ACs 
()498p should have the finite external dimensions. 

7.3. The interference (interaction) of the unit-fields (particles) having the de Broglie generators {ipon) and the 

spherically symmetric, one-component Helmholtz-ACs ($5^): The non-quantum and quantum pure-week and 

pure-strong interactions 

1. The non-quantum and quantum pure-weak interactions of the unit-fields (particles) 

For the sake of simplicity, I present here the equations for the two unit-fields, namely for the unit-fields tp^i = ipQi'^l 
(|538p and ■002 = "002 *&2 l|539p of the composite field ?/; = "001 'I' i + V'02$2 l|540p . where the total associate-components 
{TACs) have the one-component forms $° = and $2 — <j>i2, and the relevant values are given by kpi = ko2 = ko, 
£01 = £02 = ^Oi ''TT-oi = '7102 = TiQ, ai = a2 = cto and Tn = Ti2 = Ti. A simple analysis of the unit- fields (particles) 
(p8l) and ((5351) having the de Broglie generators 0oi(r,O = aoe'^^°'''-^°^*+"'^'> ([566]) and 0o2(r,t) = aoe'^'^'>^'''^°^*+°'^^ 
()567p and the spherically symmetric Helmholtz-ACs associated with the spherical Bessel functions of the first (|508p 
or second ()510p kind shows that only the one-component unit-fields (j538p related to the spherical Bessel functions 
(|508p of the first kind with the real {Tf^r = Twnf = \^Wn\r) argument and the quantum numbers {In = 0, s„ = 0) 
or {In = 1, Sn — ~1, 0, 1) are suitable for description of the pure- weak interactions of the unit-fields (particles) with 
the short-range interaction energy. Moreover, among these unit-fields the only one-component unit-fields with the 
quantum numbers ^„ = 1 and s„ = ±1 demonstrate the experimentally observed physical properties of the pure- weak 
interaction. Indeed, in the case of the first Helmholtz-AC [(pn — 0Tyi(r)] centered at the origin and the second 
Helmholtz-AC [<j>i2 — 0n/2(r — R)] located at the distance R = |R| = IR12I in the azimuthal direction, the relativistic 



fJ-n = A^b(2s„) = ^b2(±1/2) = ±/i_B 



(630) 



IJ-n = lJ.BSn = Ms(±l) = ±M-B- 



(631) 
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interaction (cross-correlation) total term (|571|) has the form 



£l2,2l(^, 'i, '2, si, S2) — koiko2 
+ [moimo2 + r?ir?2] 



2/ d9stn0 r^drji,{Twir)ji,{rw2\r-R\)f 
Je=o Jv=o Jo 



'V 

r2TT 



al / dOsine / d(p r'^drji^(rwir)ji^{rw2\r-'R.\)f 



(632) 



where 



— — ^Wl — ^W2 — \^Wl\ = \^W2\ 7^ 

h^l2 = 1- (633) 

Here, the angle factor f — f{r, R, 9, 95, /i, Z2, si, S2) associated with the spherical harmonics has the form 

/(r, i?, e, ifi, hM, si, S2) = *(0, v)Yil-{e, ^2) + Yi\' {O, ^)YiI'*{0, ^2), (634) 

where the intrinsic "magnetic" quantum numbers are given by si — —1,0, 1 and S2 — ^IjO, 1, and ip2 ~ ip2{T,R^ip) 
denotes the azimuthal angle associated with the vector r — R in the spherical coordinate system of the second 
Helmholtz-AC. Notice, a simple analysis also shows that Eqs. (|572p - (|574p derived by using the non-relativistic 
(Newton) approximation of the unit-field (particle) energy do not describe correctly the weak interaction of unit-fields 
(particles). That means that the weakly interacting unit-fields (elementary particles) are relativistic objects describing 
rather by the Einstein particle energy than by the Newton particle energy. Also note that the relativistic interaction 
(cross-correlation) total term £'i2,2i(-R, ^i, '2, si, 52) = if the intrinsic orbital quantum numbers li 7^ l2- In other 
words, the two one-component unit-fields having the different intrinsic orbital quantum numbers do not interact 
weakly with each other. To exclude the singularities in Eq. (|632p associated with the points r = and r — R = 0, one 
should suppose that the weakly interacting Helmholtz-ACs (l)]yi{r) and (/'vK2(r — R) are hollow around these points in 
the bolls of the radius rj^. A simple analysis shows that the infinite upper integration limit (r^ = 00) in Eq. (|632p 
does not compare well with the finite fields and energies of the weak interaction. Indeed, such a case corresponds to 
the infinite Helmholtz-ACs with infinite interaction energies. In order to satisfy the finite fields and energies of the 
weak interaction, one should suppose that the unit- field Helmholtz-AC of the weakly interacting unit-field is limited 
by the upper boundary of the radius rj^ < < 00. In other words, the unit-field Helmholtz-AC vanishes above the 
AC upper boundary (integration limit). The assumptions yield the relativistic weak interaction (cross-correlation) 
term f 12.21 = 1^^12.21 (^, ^i, si, S2) with the modified integration boundaries: 

£i2,2i{R, h,l2, si, S2) = koiko2/w' + [TO01TO02 + rH/irvv2] fw, (635) 

where the weak-interaction geometrical factor 

fw = fw{R,hj2,si,S2) (636) 

is given by 

fw(R, hih, si, S2) = 

= Ai,s,Ai,s2al dOsmO dip / r^drji,{Twir)ji,(rw2\r-'R\)f. (637) 

It should be stressed that the _ffeZm/ioZte-j4 C amplitude ^i„s„ can be an arbitrary constant [see, Eq. (|508p ]. which cold 
be called the weak isospin. If the n-th weakly interacting unit-field (particle) has the "charge-like" weak hypercharge 
Q'^, which is different from the electric (Coulomb) charge, then the amplitude Ai^g^ El- (|637p could be presented 
in the form Ai^s„{mn/Qn) that corresponds to the " electric- like" ("electromagnetic-like") weak interaction mediating 
by the hypercharge of the weakly interacting unit- field (particle) [for the comparison, see Eq. (|616p ] . Naturally, the 
Helmholtz-AC amplitude (weak isospins or weak hypercharges) of the unit-fields (particles) should be adjusted to the 
value corresponding to the experimentally observed parameters of the weak interaction. In contrast to the traditional 
quantum field theories, the Helmholtz-AC amplitude associated with the weak isospin or weak hypercharge of the 
weakly-interacting unit-field (particle) gives the physical (non-phenomenological) explanation of the weak isospin and 
weak hypercharge of an elementary particle. The radius 



(638) 
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could be considered as the external radius of a weakly interacting unit-field (particle) . The parameter r = logically 
to associate with the classical radius of a weakly interacting particle. The value |r — R|, which is calculated by using 
a simple geometrical analysis of the two vectors, is a function of the parameters r, R, 9 and ip. Correspondingly, the 
integration limits J'J^q^ , r^up are calculated by using this geometrical analysis as functions of the parameters 

r, R, 9, (fi, and r^. 

If the "non-quantum" (spin-independent) weak interaction does exist somewhere in the Universe, then the unit- 
fields (particles) with de Broglie generators and the spherically symmetric Helmholtz-ACs associated with the spherical 
Bessel functions of first kind and the quantum numbers Z„ = 0, s„ = could be attributed to such an interaction. In 
the case of the unit-field Helmholtz-ACs with the quantum numbers li — I2 — ^ and si — S2 — 0, the spherical Bessel 
functions in Eq. (j635p are given simply by 

Jh i^wir) = jo(Twir) = — (639) 

1 wir 

and 

jUrv^2|r-R|) = jo(rv^2|r-R|) = "^^'^^^f^ (640) 

and the angle factor / = f{r, R, 9, (p, /i, ^2, si, S2) = f{r, R, 9, ip, 0, 0, 0, 0) has the spin-independent form 

fir, R, 9, ip, 0, 0, 0, 0) = Ya^*i9, v)Y^{9, ^2) + Y^{9, v)Yf{9, ^2) = 1/2tt. (641) 

The annihilation of the two weakly interacting unit-fields with the quantum numbers li ~ I2 ^ and si = S2 = 
does not require adjustments of the unit-field spins. The easy annihilation of the weakly interacting unit-fields with 
li = I2 = and si = S2 = 0, if they really have been created under the cosmological Big Bang, could be considered 
as a physical mechanism explaining the absence of such unit-fields (particles) at the present stage of Universe. 

The physical properties of quantum (spin- dependent) weak interactions, which are observed experimentally, could 
be attributed to the unit-fields (particles) having the de Broglie generators and the spherically symmetric Helmholtz- 
ACs associated with the spherical Bessel functions of first kind and the quantum numbers Z„ = 1, s„ = ±1. In 
the case of = ^2 = 1 and si — ±1, S2 = ±1, the relativistic weak interaction (cross-correlation) term ^12,21 — 
£i2.2i{R, hjhjSi, S2) has the form (|635p . where the spherical Bessel functions are given by 



sin{rwir) cos{rwir) 



JiA^wir) = ji[Twir) = — -^r^ 7; z — (^42) 



and 



sin(riv2|r - R|) cos(rvi/2 |i" - R|) 
(rw/2|r-R|)2 (rH/2|r-R| 



Ji2(«rH/2|r - R|) = Ji(«riy2|r - R|) = —pf; ^ ^7772 7^ ^TT^' ("^3) 



and the angle factor / = /(r, R, 9, ip, li,l2, si, S2) = fir, R, 9, p, 1, 1, si, S2) has the spin-dependent form 

fir, R, 9, ip, 1, 1, si, S2) = Y{'*i9, ip)Y,'- (0, ^2) + v)Y,''*iO, (644) 

Although the weakly interacting unit-fields (particles) with the quantum numbers = ^2 = 1 and si = S2 = 
can exist in principle, the annihilation of such unit-fields does not require adjustments of the unit-field spins. The 
absence of the weakly interacting unit-fields (particles) with the quantum numbers ^„ = 1 and s„ = in the present 
Universe, if they have been created after the cosmological Big Bang, could be considered as s a physical mechanism 
explaining of the absence of such unit-fields (particles) at the present stage of Universe. It should be noted that the 
relativistic interaction (cross-correlation) total term f 12.21 hi h, si, S2) = if the intrinsic orbital quantum numbers 
h 7^ ^2- The "weak strength" of the weakly interacting unit- field is attributed to the properties of the weak-interaction 
geometrical factor (|637p . while the short-range of the weak interaction is associated with the external radius of 
the Helmholtz-AC. 

The weak-relativistic (£12,21 << Sqi + ^02) interaction forces (I354p and ([355]) acting upon the first and second 
unit-fields (particles) have respectively the forms 

Fi2(R) = hM,Si,S2) (645) 
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and 



and 

1 d 

r2i(R) = --g^Si2{RMM,si,S2). (646) 

Analysis of Eqs. ()632p - ()646p shows that the weakly interacting unit-fields "001 = ''Pm't'wi and '002 = 00201^2 indeed 
have the finite interaction energies corresponding to the finite total interaction (cross-correlation) term f 12,21 7^ cxd in 
the case of the Helmholtz-AC dimensions ^ and ^ 00. The interaction energy decreases with the increase of 
the value R and approaches the zero value &i R> r^p. The dimensions 7^ and ^ 00 should be adjusted to 
the values, which are in agreement with the physical properties of the weak interactions. The parameters rj^ and 
could be interpreted as the internal and internal dimensions of the unit-field (particle) having the weak-interaction 
Helmholtz-AC. 

Equations ()632p - (I646P are vahd for the weak relativistic (£12,21 << ^oi + ^02) interaction, which is the case of 
the most of experimental conditions. The other two interaction conditions, namely the strong relativistic and non- 
relativistic weak interactions, are also possible. Under the strong relativistic (£12.21 ~ ^oi ~^ ^02) weak interaction, 
which corresponds to the extremely small distance i? ~ tq, one should use the above-derived equations with the 
relations p47|) . ()350|) and p51|) instead of the relations (|354|) and ()355p . The strong-relativistic weak-interaction 
forces pSOp and (|35ip acting upon the first and second unit-fields (particles) have respectively the forms 

Fi2(R) = -^^ei2(i?) (647) 

F2i(R) = l^^MR), (648) 
where the weak-interaction energy £12 (i?) is given by Eq. p47p as 

£12,21 = (£01 + £02 + £12,21)^/^ - (£01 + £02), (649) 

with the relativistic cross-correlation (interaction) total term £12,21 given by Eqs. (j632p - (j646p . It should be stressed 
that Eqs. ()632p - (j646p are valid in the particular case of the de Broglie generators of the unit-fields having the same 
moments. Although the distance i? ~ tq probably can be realized in some very particular experimental conditions, the 
unit-field generators of such unit-fields (particles) are not the de Broglie waves. In other words, the strong relativistic 
weak-interaction of the real unit-fields (particles) should be described rather by the equations (|604l) - (|606p than Eqs. 
(|587l) - (I603p . A simple analysis also shows that Eqs. (|572l) - (I574p derived by using the non-relativistic (Newton) 
approximation of the unit-field (particle) energy do not describe correctly the weak interactions. That means that the 
weakly interacting unit-fields (elementary particles) are relativistic objects describing rather by the Einstein particle 
energy than by the Newton particle energy. 

The weak interaction between the two unit-fields determining by Eqs. (|632l) - (j646p may be interpreted not only by 
using the " electric- like" and "magnetic-like" weak- interaction fields and potentials, which are somewhat similar to the 
respective Eqs. (|597p - ()603p . but also in the terms of the virtual particles. The relativistic energy of the composite 
field (particle) composed from the weakly interacting unit-fields (particles) is given by Eq. pSip as 

£^ £01 + £02 + £12 + £21 = £01 + £02 + '^^12,21, (650) 

The energies squared Sq^ and £q2 could be attributed to the "moving" and "non- moving" masses of the 1st 
and 2nd relativistic normal unit-fields (elementary particles). The weak-interaction cross-correlation terms £12 = 
£12(^01, Tvi/i; mo2, rvF2) and £21 = £21(1^02, Tw2', itiqijTwi) could be attributed to the "moving" and "non-moving" 
masses moi, mo2, ^wi and Tw2 of the 1st and 2nd relativistic normal unit-fields. The weak- interaction cross- 
correlation terms £12 and £21 associated with the masses moi, mo2, ^wi and Tw2 and the weak interactions may 
be considered as interplay of the 3rd and 4th virtual relativistic unit-fields (elementary particles) attributed to the 
relativistic weak- interaction of the 1st and 2nd normal massive unit- fields (elementary particles). Thus the rela- 
tivistic weak-interaction between the two normal relativistic unit-fields (elementary particles) could be considered 
(interpreted) as the interplay of the four unit- fields (particles), where the composite field (particle) is composed 
from the 1st and 2nd normal unit- fields (particles) and the 3rd and 4th virtual unit- fields (particles). For more 
details of the interpretation based on the use of virtual particles see the comments to Eq. (I38ip . The virtual rel- 
ativistic unit-fields (elementary particles), which carry the weak force and energy, logically to call the virtual W or 
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Z bosons mediated by the weak isospin or the weak hypercharge of the 1st and 2nd normal unit-fields (particles). 
The names W and Z bosons correspond to the carriers of the weak interaction in the quantum field theories and 
SM. The weakly interacting normal unit-field (particle) with the mass mo„ obey the relations mo„ << Twn- In 
such a case the weak-interaction cross-correlation terms are given by ^^12(^01, r^i/i; TOo2j rvK2) — ^i2(Xwi,^W2) and 
^21(^02, riy2; TOoi, Fvi/i) = £2iiXw2,^wi)i where the values Twi and Tw2 could be interpreted as the gauge masses 
of the virtual W or Z bosons associated with the 1st and 2nd weakly interacting normal unit- fields (particles). In the 
frame of the Heisenberg energy uncertainty relation and the perturbation approximation, the short range of the weak 
interaction is attributed phenomenologically (formally) by the quantum field theories and SM to the heaviness of the 
virtual W and Z bosons. The present model gives the microscopic explanation of the phenomenon. The short-range of 
the weak interaction is attributed to the finite external radius of the heavy Helmholtz-AC of the weakly interacting 
unit-field (particle) 

The model [Eqs. (|632p - (|650p ] describes interaction of the two {N — 2) weakly interacting unit-fields (particles) with 
the moments kgi — ko2 = kg. One can easily follow the model for an arbitrary number TV of the weakly interacting 
unit-fields (particles) having the de Broglie generators ■(/'on(r,t) = aoe^^^°"'^~^°"*^ with the moments ko„ = ikg. The 
model [Eqs. ([632| - (|650ll ] with iV >> 1 and s„ = describes the spin-independent (non-quantum) "electrostatic-like" 
and " magnctostatic-like" weak-interaction fields and weak interactions that correspond to the case of the Lorentz- 
like (non-quantum) spin-independent interaction. In other words, such a model corresponds to the non-quantum 
interactions of the "electrostatics" and "magnetostatics" of the weakly interacting unit-fields (particles). Among the 
weakly interacting unit-fields (particles) with the intrinsic magnetic quantum numbers s„ — —1,0,1 of the unit- 
field spin, the only unit-field (particles) with the spin numbers Sn = nrin = demonstrate the "spin-independent" 
[£i2,2i{R, si, S2) — £i2,2i{R)] Lorentz-like behavior that satisfy the attractive (^/isi — ~^;2S2) and repulsive (^/isi = 
Ai^s^) " electrostatic-hke" weak interactions 'Py/12 ^"^"^ attractive (A/^g^ = A/^g^, koi = ko2 or Ai^s^ = — Aj^s^, 
koi = — ko2 ) and repulsive [Ai^g^ = Ai^s2i koi = — ko2 ov Ai^si = —Ai^s2^ kgi = ko2) " magnetostatic-like" interactions 
^wi2 '-'^ weakly interacting unit- fields (particles). The purely attractive spin-independent (Lorentz-like) "non- 
quantum" interaction F^^2~^^wi2 ^^'^ unit-field (particles) with the weak-interaction ACs having the spin numbers 
Sn = 0, amplitudes Ai-^ — —Ai^ and momentums koi ~ —^02 could be considered as the " non- quantum" attraction 
of weakly interacting unit-fields [boson-like (Ai-^ — ~Ai^, koi = — ko2) particles] that explains microscopically the 
Bose-Einstein condensation and statistics of such particles. Although the "spin- less" (s„ = 0) weakly interacting 
unit-fields (particles) have not been yet detected, the model [Eqs. (|632[) - (|650p ] is good for the (Coulomb-like and 
Lorentz-like) description of the weak-interaction forces. The spin- dependent (quantum) interaction between the weakly 
interacting unit-fields, which is observed experimentally, is described by the Lorentz-like spin- dependent (quantum) 
interaction energy f 12.21 (-R, si, S2) determining by Eqs. i354\ l, i355]) . li63S\) - i65U\) with the spin numbers (si = 1, 
S2 = 1), (si = -1, S2 = -I), (si = I, S2 ^ -I) or (si = -1, 52 = 1^- In other words, Eqs. ((555)) . - 

(j650p determine the interaction properties of the weakly interacting unit-field (particle) and their connections with 
the unit-field spin. A simple analysis of Eqs. p54p . pSSp . (|632p - (|650p for the two unit-fields with the amplitudes 
v4;jsj — Ai^s2 shows that the equations describe the repulsive (si — S2,Ai-^^s-^ = Ai^s.^,'k.m — ^02) and attractive 
(si ^ S2,Ai-^^sx — Ajjsail'oi = ko2) quantum forces associated with the Lorentz-like spin- dependent (quantum) energy 
of the weakly interacting fermion-like unit- fields (fermions) . The Pauli exclusion principle states that no two identical 
(si — S2j Ajjsj = A;2S2il^oi — 1^02) fermions may occupy the same quantum state simultaneously. The spin- dependent 
(quantum) repulsive or attractive weak-interaction of the unit-fields (fermions) with the amplitudes Ai-^g-^ — Ai^g.^ 
having respectively the same (si = S2) or different (si ^ S2) spin numbers could be considered as the physical 
origin explaining microscopically the Pauli exclusion principle and the Fermi-Dirac statistics of the weakly interacting 
fermions, which in canonical quantum mechanics and SM have nature of the unexplained postulates. In contrast to 
the traditional quantum field theory and SM, which consider rather the fields of operators than the fields of particles, 
Eqs. (|354p . (|355p . (|632l) - (|650l) determine the "electromagnetic-like" properties of the weakly interacting unit- field 
(particle) and their connections with the unit-field spin naturally, without introduction of any pure mathematical 
object, like the spin matrix or operators. It should be also noted that in the case of the two weakly interacting, 
normal unit-fields (particles) having the spin numbers si = S2 = ±1 and amplitudes Ai-^si = ^Aj^s^, the unit-fields 
(particles) can annihilate. Indeed, the weakly interacting unit-fields are the solutions of the equations of motions of 
the present model for both the Ais^ and —Ais^ amplitudes. The Helmholtz-AC amplitude Ai^s„ can be an arbitrary 
constant [see, Eq. (|508l) ]. The two weakly interacting unit-fields with si = S2 can satisfy the annihilation condition 
in the case Ai^^ = —Ais^. In Eqs. (|632p - (|650p . the unit-field (particle) with the positive value of Ai^i could 
be considered as a normal unit-field (particle), while the unit- field (particle) with the negative value of Aim^ could 
be considered as an anti-unitfield (^anti-particle). The annihilation of the two weakly interacting unit-fields with 
si = S2 = does not require adjustments of the unit-field spins. The easy annihilation of the weakly interacting 
unit-fields with s„ = 0, if they really have been created under the cosmological Big Bang, could be considered as a 
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physical mechanism of the absence of such unit-fields (particles) in the present Universe. It should be noted again 



that Eqs. (j632[) - (|650l) are valid in the particular case of the de Broglie generators ^oi(r,t) = aoe 



i(koir-eoit) 



V'02(r,0 floe 



((5661) and 



(|567p . If the unit- field generators are not the de Broglie time- harmonic plane- waves, then 



the pure-weak interaction of the unit-fields (particles) are determined rather by the general equations (|546p - (|556p 
than the particular equations (|632l) - (I650p . One can easily follow the present model for any hypothetical unit- field 
(particle) with the spherically symmetric Helmholtz-A Cs associated with the spherical Bessel functions (|510p of the 
second kind, if such elementary particles exist somewhere in the Universe. In such a case, the spherically symmetric 
Helmholtz-ACs associated with the spherical Bessel functions ()510|) of the second kind should have the finite external 
radius. 

2. The non-quantum and quantum pure- strong interactions oj the unit-fields (particles) 



An analysis of the unit-fields (particles) (j538|) and (j539|) having the de Broglie generators (|566p and (|567p and 
the spherically symmetric Helmholtz-ACs associated with the modified spherical Bessel functions of the first (|509p 
or second (j51ip kind, which is quite similar to the above-presented analysis of the weakly interacting unit-fields, 
shows that only the one- component unit- fields (j538p related to the modified spherical Bessel functions (|509p of the 
first kind with the imaginary (r^^r = i|r5„|r) argument and the quantum numbers (Z„ = 0, s„ = 0) or [In = 1, 
Sn — —1,0, 1) may be considered as candidates for the pure-strong interactions of the unit-fields (particles) with the 
short-range interaction energy. Furthermore, the only one-component unit-fields with the quantum numbers Z„ — 1 
and s„ = ±1 obey the experimentally observed physical properties of the pure-strong interaction. In the case of the 
first Helmholtz-AC [(f>ii = 05i(r)] centered at the origin and the second Helmholtz-AC [0^2 = <t>W2{'^ — R)] located 
at the distance R = |R| = IR12I iu the azimuthal direction, the relativistic interaction (cross-correlation) total term 
(|57ip has the form 



'^^i2,2i(-Ri h, Si, S2) — koiko2 
-I- [moimo2 - |rsi||rs2|] 



all dOsinO I dip f r'^drii^{i\T si\r)3i2{i\T s2\\y -'R\)f 
Je=o Jip=o Jo 

I dOsme d^ r^drji,{t\rsi\r)ji,{t\rs2\\r-R.\)f 
Je=o Ju>=Q Jo 



Al-i^SiAl2S20'i 



, (651) 



where 



r^i = *|rsi| = *|r52| ^0 

h^h^ 1. (652) 

Here, the angle factor f — f{r, R, 6, tp, li,l2, Si, S2) associated with the spherical harmonics is given by 

/(r, R, 9, p, hM, SUS2) = *(0, v)Y^^'{e, ip2) + Yil' (0, ip)Y,l'*{9, (^2), (653) 

where the intrinsic "magnetic" quantum numbers are given by si = — 1,0,1 and S2 = —1, 0, 1, and (^2 — P2{r, R, p^) 
denotes the azimuthal angle associated with the vector r — R in the spherical coordinate system of the second 
Helmholtz-AC. Notice, a simple analysis also shows that Eqs. (j572p - (j574p derived by using the non-relativistic 
(Newton) approximation of the unit-field (particle) energy do not describe correctly the strong interaction of unit- 
fields (particles). That means that the strongly interacting unit-fields (elementary particles) are relativistic objects 
describing rather by the Einstein particle energy than by the Newton particle energy. The relativistic interaction 
(cross-correlation) total term f 12,21(^7 ^i, ^2, si, S2) = if the intrinsic orbital quantum numbers li 7^ 12- In other 
words, the two one-component unit-fields having the different intrinsic orbital quantum numbers do not interact 
strongly with each other. In order to exclude the singularities in Eq. (|65ip associated with the points r = and 
r — R = 0, one should suppose that the strongly interacting Helmholtz-ACs (psii^) and 0S2(r — R) are hollow around 
these points in the bolls of the radius rg . A simple analysis shows that the infinite upper integration limit (r^p = 00) 
in Eq. (|632p does not compare well with the finite fields and energies of the strong interaction. The case of rfp — 00 
corresponds to the infinite Helmholtz-ACs with infinite strong-interaction energies. In order to satisfy the finite fields 
and energies of the strong interaction, one should suppose that the unit-field Helmholtz-AC of the strongly interacting 
unit-field is limited by the upper boundary (integration limit) of the radius rg < r^^ < 00. That means that the unit- 
field Helmholtz-A C vanishes above the A C upper boundary. The assumptions yield the relativistic strong interaction 
(cross-correlation) term £12,21 = £i2,2i{R, h^h, si, S2) with the modified integration boundaries: 



'S^i2,2i(^, ^i,^2,si,S2) =koiko2/s+ ["^ol"^02- |rsi||rs2|] /s, 



(654) 
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where the strong-interaction geometrical factor fs = fsi^i h, hi si, S2) is given by 

fs{RM,h,si,S2) = 

= Ai,,,Ai,,X dOsine / r''drji,{i\Tsi\r)3iM'^S2\\v-^\)f. (655) 

Notice, the Helmholtz-AC amphtude ^i„s„ can be an arbitrary constant [see, Eq. (I509p ]. If the n-th strongly 
interacting unit-field (particle) has the " colar charge^'' Q'^, which is different from the electric (Coulomb) charge, 
then the amplitude ^i„s„ in Eq. (|655p could be presented in the form ^i^s^ (m„/(5^) that corresponds to the 
" electric- like" (" electromagnetic- like" ) weak interaction mediating by the "hyper charges" [for the comparison, see 
Eqs. (|616p and (|637p ] . The Helmholtz-AC amplitudes color charges of the unit-fields (particles) should be adjusted 
to the values corresponding to the experimentally observed parameters of the strong interaction. In contrast to 
the traditional quantum field theories, the Helmholtz-AC amplitude associated with the hyper (color) charge of the 
strongly-interacting unit-field (particle) gives the physical (non-phenomenological) explanation of the color charge. 
The parameters 

r = (656) 



and 



r = r% (657) 



]h{A^si\r) ^jQ{i\Tsi\r) = . = -— = - -— 1^ I (658) 

• II Tiw ■ II tjh A/2(|rs2||r - R|) 

JZ2(«|rs2||r - R|) = jo(«|rs2||r - R|) = 



could be considered respectively as the particle classical dimension and the external radius of a strongly interacting 
unit-field. The value |r — R|, which is calculated by using a simple geometrical analysis of the two vectors, is a function 
of the parameters r, i?, 9 and ip. Respectively, the integration limits r^ i^,^, r^^^^ and r^^ are calculated by using this 
geometrical analysis as functions of the parameters r, i?, 9, ip^ rg and rfp. 

If the "non-quantum" (spin-independent) strong interaction does exist somewhere in the Universe, then the unit- 
fields (particles) with de Broglie generators and the spherically symmetric Helmholtz-A Cs associated with the modified 
spherical Bessel functions of first kind and the quantum numbers In — 0, s„ — could be associated with such an 
interaction. In the case of the unit-field Helmholtz-ACs with the quantum numbers Zi = Z2 = and si = S2 = 0, the 
modified spherical Bessel functions in Eq. (|655p are given by 



and 



|r52||r-R| 2V|rs2||r-R| |rs2||r-R|y' ^^^^^ 

and the angle factor / = /(r, i?, 9, 93, Zi, Z2, si, S2) ~ fir, i?, 9, ip, 0, 0, 0, 0) has the spin-independent form 

fir, R, 9, ifi, 0, 0, 0, 0) = Yo°*i9, cp)Yo°i9, ^2) + Y^i9, v)Yfi9, ^2) = l/27r. (660) 

The annihilation of the two strongly interacting unit-fields (particles) with the quantum numbers Zi = ^2 = and 
Si — S2 — Q does not require adjustments of the unit-field spins. The easy annihilation of the strongly interacting 
unit-fields (particles) with the quantum numbers li — I2 — and si = S2 = 0, if these unit-fields (particles) really have 
been created under the cosmological Big Bang, could be considered as a physical mechanism explaining the absence 
of such unit-fields (particles) at the present stage of Universe. 

The physical properties of quantum (spin-dependent) strong interactions, which are observed experimentally, could 
be attributed to the unit-fields (particles) having the de Broglie generators and the spherically symmetric Helmholtz- 
ACs associated with the modified spherical Bessel functions of first kind and the quantum numbers Z„ = 1, s„ = ±1. 
In the case of Zi = Z2 = 1 and si = ±1, S2 = ±1, the relativistic strong interaction (cross-correlation) term £12,21 = 
^-i2,2i(^, '1,^2,51,52) has the form (|654p . where the modified spherical Bessel functions are given by 

. M -nr M i^Y^"^h+i/2i\Tsi\r) i[coshi\Tsi\r) ~ i\Tsi\r)'^sinhi\Tsi\r)\ 

]hiA^ Si\r) = ]iii\y si\r) - - - 



(27r-i|rs2||r-R|)i/2 
sm/i(|rs2||r-R|) 1 / eirs2l|r-R| g-|rs2llr-R| 



(2^-iz|rsi|r)i/2 [Fsilr 



/eirsik g-irsik\ / ^\Tsi\r g-|r 



Sl\'r 



2r 
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and 



jj,(z|rs2||r-R|)-ji(z|r52||r-R|) 



W^+^/'/i+i/2(|rs2||r-R|) 



(27r-iz|rs2||r~R|)i/2 
[cosh{\Ts2\\r - R|) ~ (|rs2||r - R\)-\'^inh{\rs2\\r - R|: 



,|rs2l|r-R| 



-|rs2l|r-R| 



|rs2||r-R| |rs2||r-R| 



|rs2||r-R| 

/ g|rs2l|r-R| 



-|rs2||r-Rt 



S2| 



Rl 



|r52P|r- 



Rl' 



and the angle factor / = /(r, i?, 0, (p, /i, Z2, si, S2) = /('', -R, ^, <(2, 1, 1, s\. S2) has the spin-dependent form 



(662) 



(663) 



It should be noted that the relativistic strong-interaction (cross-correlation) total term f i2,2i(^, ^i, '2, si, S2) = if 
the intrinsic orbital quantum numbers l\ ^ l^- Although the strongly interacting unit-fields (particles) with the 
quantum numbers h = I2 = i and si = S2 = can exist in principle, the annihilation of such unit-fields does not 
require adjustments of the unit-field spins. The absence of the strongly interacting unit-fields (particles) with the 
quantum numbers ^„ = 1 and s„ = in the present Universe, if they have been created under the cosmological Big 
Bang, could be considered as s a physical mechanism explaining of the absence of such unit-fields (particles) at the 
present stage of Universe. The "strong strength" of the strongly interacting unit-field is attributed to the properties 
of the strong- interaction geometrical factor (I655P , while the short-range of the strong interaction is associated with 
the external radius rf^ of the Helmholtz-AC. 

The weak-relativistic (£12,21 << ^oi + ^02) interaction forces (|354p and p55p acting upon the first and second 
unit-fields (particles) have respectively the forms 



and 



1 d 

Fi2(R) = --^fl2(-R,/l,^2,Si,S2) 



1 d 

r2l(R) = ^^fl2(i?,/l,^2,Sl,S2)- 



(664) 



(665) 



Analysis of Eqs. (|65ip - (|663p shows that the strongly interacting unit-fields ipoi — ipoi<j>si and tpo2 — '!/'O20S2 indeed 
have the finite interaction energies corresponding to the finite total interaction (cross-correlation) term £12,21 7^ 00 
in the case of the Helmholtz-AC dimensions Tq 7^ and rf^ 7^ 00. The dimensions Tq 7^ and r^p 7^ 00 should be 
adjusted to the values, which are in agreement with the physical properties of the strong interactions. The parameters 
Tq and r,fp could be interpreted as the internal and internal dimensions of the unit-field having the strong-interaction 
Helmholtz-AC. The strong-interaction energy and force do increase exponentially with the increase of the distance 
R between the strongly interacting unit-fields (particles) and approaches the zero value at the distance R > 2r^p. 
Indeed, the volume of interaction associated with the two overlapping Helmholtz-ACs slowly decreases with increasing 
the distance R, while the energy of the interaction (cross-correlation) of the Helmholtz-ACs increases exponentially. 
On the short distance (i? << rf^), the strong force could hold the strongly interacting unit-fields (particles) together 
to form the composite field (hadron). On the longer distance {R ~ r^p), the volume of interaction (cross-correlation) 
associated with the two overlapping Helmholtz-ACs has the string-like shape. In other words, the lines of .strong force 
could collimate into strings in such a case. In this way, the present model not only explains in microscopical details how 
the strongly interacting unit-fields (particles) interact over short distances, but also the string-like behavior, which 
the virtual unit-fields (particles) manifest over longer distances. In the quantum field theories and SM, the color 
confinement is the physics phenomenon that color charged particles (such as quarks) cannot be isolated singularly, 
and therefore cannot be directly observed. In the present model, the above-considered unit-fields (particles) having 
the color charges do interact with each other by means of the strong force, whose value exponentially increases 
with the increase of distance between the unit-fields (particles). That gives the microscopic explanation of the color 
confinement phenomenon. 

The strong interaction between the two unit-fields determining by Eqs. (j65ip - (j665p may be interpreted not only 
by using the "electric-like" and " magnetic- like" strong interaction fields and potentials, which are somewhat similar 
to the respective Eqs. (|597p - (|603p . but also in the terms of the virtual particles. The relativistic energy of the 
composite field (particle) composed from the strongly interacting unit-fields (particles) is given by Eq. (|38ip as 



-01 



^02 + '^12 + '^^21 



.2 
-01 



-02 



£1 



(666) 



133 



The energies squared e^^ and could be attributed to the "moving" and "non- moving" masses of the 1st and 
2nd relativistic normal unit- fields (elementary particles). The strong- interaction cross-correlation terms £12 = 
f i2(too1) Tgi; mo2, r52) and £21 = £2i{'>TT'02,^S2','m-oi,^si) could be attributed to the "moving" and "non-moving" 
masses moi, mo2, ^si r52 of the 1st and 2nd relativistic normal unit- fields. The strong- interaction cross- 
correlation terms £12 and £21 associated with the masses moi, mo2, ^si and r52 and the strong interactions may 
be considered as the interplay of the 3rd and 4th virtual relativistic unit-fields (elementary particles) attributed to 
the relativistic strong interaction of the 1st and 2nd normal massive unit-fields (elementary particles). Thus the rel- 
ativistic strong-interaction between the two normal relativistic unit-fields (elementary particles) could be considered 
(interpreted) as the interplay of the four unit-fields (particles), where the composite field (particle) is composed from 
the 1st and 2nd normal unit-fields (particles) and the 3rd and 4th virtual unit-fields (particles). For more details 
of the interpretation based on the use of virtual particles see the comments to Eq. psip . The virtual relativistic 
unit-fields (elementary particles), which carry the strong force and energy, logically to call the virtual gluons induced 
by the color charges of the 1st and 2nd normal unit-fields (particles). The name gluon corresponds to the carrier 
of the strong interaction in the quantum field theories and SM. The strongly interacting normal unit-field (particle) 
with the mass mon obey the relations mo„ <<Tsn- In such a case the strong- interaction cross-correlation terms are 
given by £12(^-01, Tgi; mo2, rs2) = £12(^31, '^82) and £2i{mQ2,Ts2]rnoi,Tsi) = f2i(rs2, Tsi), where the values Tsi 
and r5'2 could be interpreted as the gauge masses of the virtual gluons associated with the 1st and 2nd strongly inter- 
acting normal unit-fields (particles) . In the frame of the Heisenberg energy uncertainty relation and the perturbation 
approximation, the short range of the strong interaction is attributed phenomenologically (formally) by the quantum 
field theories and SM to the heaviness of the virtual gluons. The present model gives the microscopic explanation 
of the phenomenon. The short-range of the strong interaction is attributed to the finite external radius rfp of the 
heavy Helmholtz-AC of the strongly interacting unit-field (particle). In the terms of the virtual particles (gluons) 
of the present model, the strong force is assumed to be mediated by gluons, acting upon the strongly interacting 
unit-fields (particles). On the short distance, the strong force holds the strongly interacting unit- fields (particles) to 
form the composite field (particle) . The lines of strong force of the gluons interacting with each other at long distances 
coUimate into strings. In this way, the physical interpretation of the phenomena is similar to the traditional quantum 
field theories and SM. 

Since the energy squared of the n-th unit-field is positive (eg„ > 0), the unit-fields (particles) with the parameters 
Tsn = i|rs„| under the condition |rs„| > toq could exist only as the moving ([k2„ + {ml - |rs„|2)] > 0) unit-fields 
(particles). The model [Eqs. ()65ip - (|666|) ] describes interaction of the two (N ~ 2) strongly interacting unit-fields 
(particles) with the moments koi = ko2 — kg. One can easily follow the model for an arbitrary number N of 
the weakly interacting unit-fields (particles) having the de Broglie generators 7/'o„(r,f) = aoe*'-''''""""'^""*' with the 
moments kon = ±ko. The model [Eqs. (j65ip - (j666|) ] with iV >> 1 and s„ = describes the spin-independent 
(non-quantum) " electrostatic- like" and " magnetostatic-like" strong-interaction fields and strong interactions that 
correspond to the case of the Lorentz-like (non-quantum) spin-independent interaction. In other words, such a model 
corresponds to the non-quantum interactions of the "electrostatics" and "magnetostatics" of the strongly interacting 
unit-fields (particles). Among the strongly interacting unit-fields (particles) with the intrinsic magnetic quantum 
numbers s„ = —1,0,1 of the unit-field spin, the only unit-field (particles) with the spin numbers s„ = m„ — 
demonstrate the "spin-independent" 12,21 (^, si, S2) — £i2,2i{R)] Lorentz-like behavior that satisfy the attractive 
{Ai-^si = ^Ai^s2) and repulsive (^4;^^^ ~ ^2282) "electrostatic-like" strong interactions F^^^2 and the attractive 
{Ai^si = Ai^s2, koi = ko2 or Ai^st = -A;2S2, koi = -ko2 ) and repulsive (A/isi = Ai^^^, ^01 = -ko2 or Ai^si = -Ai^^^i 
koi = ko2) "magnetostatic-like" interactions ^^12 of the strongly interacting unit-fields (particles). The purely 
attractive spin-independent (Lorentz-like) "non-quantum" interaction + Fjyi2 of the unit-field (particles) with 

the strong-interaction ACs having the spin numbers s„ = 0, amplitudes Ai-^ = —Ai^ and momentums koi = — ko2 
could be considered as the " non- quantum" attraction of strongly interacting unit-fields [boson-like {Ai-^ — —Ai^, 
koi = — ko2) particles] that explains microscopically the Bose-Einstein condensation and statistics of such particles. 
Although the "spin- less" (s„ = 0) strongly interacting unit-fields (particles) have not been yet detected, the model 
[Eqs. (|65ip - (|666p ] is good for the (Coulomb-like and Lorentz-like) description of the strong-interaction forces. The 
spin- dependent (quantum) interaction between the strongly interacting unit-fields, which is observed experimentally, is 
described by the Lorentz-like spin- dependent (quantum) interaction energy £i2.2i{Ll, si, S2) determining by Eqs. I{354\ l, 
Ii355\) . 11651]) - 11666]) with the spin numbers (si — 1, 82 — 1), (si — —I, S2 — — Ij, (si — I, S2 = —I) or (si = — 1, 
S2 = 1/ In other words, Eqs. (I354p . pSSp . ()65ip - (|666p determine the interaction properties of the strongly 
interacting unit- field (particle) and their connections with the unit-field spin. A simple analysis of Eqs. p54p . pSSp . 
(j65ip - (j666p for the two unit-fields with the amplitudes Ai-^g-^ = A;.-,^.-, shows that the equations describe the repulsive 
(si = S2,Ai-^si = ^/2S2ikoi = ko2) and attractive (si 7^ 52,^;^^.^ = A;2S2,koi = ko2) quantum forces associated with 
the Lorentz-like spin- dependent (quantum) energy of the strongly interacting fermion-like unit-fields (fermions). The 
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Pauli exclusion principle states that no two identical (si = S2,A;jsi = ^!2S2i'*oi = ^02) fermions may occupy the 
same quantum state simultaneously. The spin- dependent (quantum) repulsive or attractive strong-interaction of the 
unit-fields (fermions) with the amplitudes Ai-^si — A12S2 having respectively the same (si — S2) or different (si ^ 82) 
spin numbers could be considered as the physical origin explaining microscopically the Pauli exclusion principle and the 
Fermi-Dirac statistics of the strongly interacting fermions, which in canonical quantum mechanics and SM have nature 
of the unexplained postulates. In contrast to the traditional quantum field theory and SM, which consider rather the 
fields of operators than the fields of particles, Eqs. ([354]), pSSp . (|65ip - (|666[) determine the "electromagnetic-like" 
properties of the strongly interacting unit-field (particle) and their connections with the unit-field spin naturally, 
without introduction of any pure mathematical object, like the spin matrix or operators. It should be also noted 
that in the case of the two strongly interacting, normal unit- fields (particles) having the spin numbers si = S2 = ±1 
and amplitudes ^i^si = — ^/2S2: the unit-fields (particles) can annihilate. Indeed, the strongly interacting unit-fields 
are the solutions of the equations of motions of the present model for both the Ais„ and ~Ais^ amplitudes. The 
Helmholtz-AC amplitude ^i„s„ can be an arbitrary constant [see, Eq. (|509p ]. The two strongly interacting unit-fields 
with si — S2 can satisfy the annihilation condition in the case Ai^-^^ = —Ai^^. In Eqs. (|65ip - (|666p . the unit- field 
(particle) with the positive value of ^i^i could be considered as a normal unit-field (particle), while the unit- field 
(particle) with the negative value of Aim2 could be considered as an anti-unitfield {anti-particle). The annihilation 
of the two strongly interacting unit-fields with si — S2 = does not require adjustments of the unit-field spins. 
The easy annihilation of the strongly interacting unit-fields with s„ = 0, if they really have been created under the 
cosmological Big Bang, could be considered as a physical mechanism of the absence of such unit-fields (particles) in the 
present Universe. It should be stressed again that Eqs. (|65ip - (|666p are valid in the particular case of the de Broglie 
generators V'oi(r,i) = aoe^'^^"^"-'"^*'^ (|566| and ipo2{r,t) = aoe*(''»"'""^«"*' ([567| . If the unit-field generators are not the 
de Broglie plane-waves, then the pure-strong interaction of the unit-fields (particles) are determined rather by Eqs. 
(I546P - (|556p than Eqs. (j651l) - (|666p . The above-presented model may be easily reformulated for any hypothetical 
unit-field (particle) with the spherically symmetric Helmholtz-ACs associated with the spherical Bessel functions (|51ip 
of the second kind, if such elementary particles exist somewhere in the Universe. Notice, the spherically symmetric 
Helmholtz-A Cs associated with the spherical Bessel functions (|51ip of the second kind should have the finite external 
radius. 

7.4. The interference (interaction) of the unit-fields having the de Broglie generators ipon and the TACs 
containing the spherically symmetric, Laplace-ACs and Helmholtz-ACs <;/>;„: The unit-fields corresponding to the 
experimentally observed particles obeying the different combinations of the gravitational, electromagnetic, weak and 

strong interactions 

In the standard model of particle physics (SM), the quarks, anti-quarks, leptons, anti-leptons and gauge bosons 
are experimentally observed elementary particles, the building blocks of the gravity-less matter. All other particles 
are made from these elementary particles. Quarks (up, down, charm, strange, top, bottom) and Leptons (electron 
neutrino, electron, muon neutrino, muon, tau neutrino, tau) and the respective anti-quarks and anti-leptons are 
fermions. If the particles have electric charges, weak isospins, weak hypercharges and color charges, then they interact 
with each other electromagnetically, weakly and strongly by exchanging the respective gauge virtual particles. The 
gauge virtual particles (photons, W^-bosons, Z-bosons, gluons and Higgs particles) are bosons. If the bosons have the 
weak isospins or weak hypercharges, then they demonstrate the weak interactions between each other. The particles 
and interaction of SM are summarized in Tab. |lll In the present section (Sec. 7.4), the unit-fields having the de 
Broglie generators ipQn and the different TACs containing the spherically symmetric, Laplace-ACs and Helmholtz-ACs 
(pin obeying the different combinations of the gravitational, electromagnetic, weak and strong interactions are identified 
as the elementary particles, namely the gravitons (mass-less), photons (mass- less), quarks (massive), anti-quarks 
(massive), leptons (massive), anti-leptons (massive), W-bosons (massive), Z-bosons (massive) and gluons (massive) as 
follows. 

1. The mass-less unit-fields corresponding to the non-virtual gravitons. Cravitational interaction of gravitons with 
each other. The gravitational interaction of massive unit- fields with each other by the virtual exchange of the mass-less 
unit-fields (gravitons) or the curving of space by the massive unit-fields (particles) 

In Sec. 7.2., the massive gravitationally interacting unit-fields having the de Broglie generators ipom which do 
not carry electric charges, weak isospins, weak hypercharges and color charges have been attributed to the one- 
component unit-fields with the one-component TACs containing the .spherically symmetric gravitational Laplace-ACs 
4>Gn- The mass-less one-component unit- fields corresponding to the non- virtual or virtual gravitons are different 
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from the massive gravitationally interacting unit-fields. The mass-less unit-fields, which do not have rest-masses, 
electric charges, weak isospins, weak hypercharges and color charges, are the simplest unit-fields. The non-virtual, 
one-component, gravitational unit-fields {non-virtual gravitons) iponii^it) — V'onCr, i)0Gn(r, i) are described by Eq. 
(|400p with the rest-mass tuq = and the index I = G, which has the form 

ipGnO-ipOn -f i)0nO(f)Gn = 0. (667) 

The solutions of Eq. (|667p are the non-virtual gravitons 

^On{r,t) = ao„e'(''°""^-^°"*+""), (668) 
which have the structure-less form (j235p of the the time-harmonic plane waves with the de Broglie generators 

t) = V^e'('^""'-^°"*+"")/' (669) 

and the de Broglie associate-components 

0Gn(r, t) = V^e^(''''"'--«"*+"")/2 (670) 

that are indistinguishable from each other. In contrast to the massive gravitationally interacting unit- fields (particles) , 
which obey the time-independent ACs {4>Gn — 0), the non- virtual, mass-less^ one-component gravitational unit-fields 
(non-virtual gravitons) have the time- dependent ACs {(pcn 7^ 0). The non-virtual gravitons have the zero rest-mass 
(mo = 0) with the Einstein energy-mass relation 



-2 
'-On 
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for the normalization aon = 1/VV. The present model predicts interaction of the identical or almost identical non- 
virtual gravitons with each other. The relativistic gravitational interaction (cross-correlation) term (|571|) for the two 
interacting mass-less gravitons located at the distance R from each other has the form 

^12.21 = koiko2 / 2a^cos(Aki2r - Ae^t + ko2R + Aai2)d^x. (672) 
Jv 

For comparison see the relativistic gravitational interaction (cross-correlation) term ()583p for the interacting massive 
unit-fields (particles) separated by the distance R. In the case of the identical (kpi — ko2 ~ ko, Aai2 = ai — a2 = 
and R = 0) gravitons, the energy-mass relation for the graviton pair is given by Eq. (|27ip . (I304p and p25p as 

-£01+ £02+^12,21 =4k2, (673) 



Standard model of elementary particles and interactions (SM) 
Elementary particles 



Matter: Quarks and Leptons 



Antimatter: Antiquarks and antileptons 



Carriers of forces: Photons, W-bosons and Z-bosons, Gluons 

Composite particles: Hadrons (Mesons and Barions), nuclei, atoms and molecules 

Interactions 



Electromagnetic Force Force carriers: Photons 



Weak Force 


Force carriers: 


W- and Z-Bosons 


Strong Force 


Force carriers: 


Gluons 



TABLE II: The particles and interactions according to the standard model of elementary particles and interactions (SM). Some 
non-standard, candidate theories {Grand Unified Theories or Theories of Everything) do include into SM also the Gravitational 
Force by considering the exchange of virtual gravitons (hypothetical particles) or the curving of space by the massive particles 
of SM. 
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which corresponds the maximum 

e^2kl (674) 

of the graviton-pair energy. In the case of the almost identical (koi ~ ko2, Aai2 — ai — a2 ~ and i? ~ 0) gravitons, 
the energy squired for the graviton pair could vary in the region 

< e < 2kg. (675) 

The minimum energy 

e w 0. (676) 

is attributed to the different (kpi ^ ko2, Aai2 ^ and R ^ 0) gravitons. An analysis of Eqs. (|672p - (|676p predicts 
the bunching and anti-bunching of gravitons as well as the Bose-Einstein condensation of such unit-fields (particles) . 
Notice, the similar coherent phenomena are known in the traditional quantum electrodynamics describing the other 
mass-less particles, namely the photons. 

The relativistic gravitational interaction (interference) between the massive unit-fields (particles) separated by 
the distance R, which is governed by the relativistic gravitational interaction (cross-correlation) term ()583|) . can be 
considered as the virtual exchange of the above-described gravitons. In other words, the gravitational interaction 
may be reinterpreted as the exchange of virtual gravitons at the every time moment t. For instance, in the case 
of the two one-component unit-fields V'oi(r, i) = ■4'oi{r,t)(f)ci{r,t) and ■i/'02(r, i) = V'02(r, i)(/)G2(r, t) interacting only 
gravitationally, the relativistic gravitational interaction (cross-correlation) total term (I568P - (|57ip . (j583p has the form 

'Si2,2i(^, si,S2) = koiko2/G + ^7101^02/0, (677) 
where the gravitational geometrical factor fc determining by Eq. ()585p may be represented as 

/■fl-0%™/2 /-oo /(r,i?,0,V.,Si,S2) 



fG(.R,Si,S2) = Ais^Ais^al I dOsinO dip / dr- 

Je=0 Jio=Q Jr9 JR+r9^j2 



9=0 J-p=Q Jrg •^fi+''J;„p/2 |r — Rp 

^|-g-i(koir-eoit+ai)g'i(ko2r-£o2t+a2) gi(koir-eoit-l-ai)g-i(ko2r-eo2t+a2)j^2 (678) 

with koi = ko2, Eoi = ^02, = ct2 and aoi — 002. In such a case, the interaction could be reinterpreted as 
the virtual exchange of real gravitons or simply as the exchange of virtual gravitons. The present model of the 
interference (interaction) of the unit-fields, which are not the point particles, does not really require the introduction 
of the virtual point-particles because such a reinterpretation does not gives new inside the mechanism of gravitational 
interactions. Nevertheless, the use of the virtual unit-fields (gravitons) provides a background for comparison of the 
present model with the traditional quantum field theories, where the point-particles separated by the vacuum may 
interact with each other only by the exchange of virtual particles. In the terms of the Einstein general relativity, the 
gravitational interaction determining by Eqs. (j677p and (j678p may be reinterpreted as the consequence of the curving 
space by the massive unit-fields (particles). Indeed, the gravitational geometrical factor fciR-, si, S2) = const, could 
be attributed to the non-curved space with the freely moving particles, while the gravitational geometrical factor 
/G(i?, si,S2) 7^ const, could describe the gravitationally interacting unit-fields (particles). In the present model of 
the gravitational interaction of massive unit-fields, the virtual exchange of the mass-less unit-fields (gravitons) is 
equivalent to the curving of space by the massive unit- fields (particles). Also note the particles (gravitons) with the 
negative values of the unit-field amplitudes have been attributed in Sec. 7.2. to the ant-particles (anti-gravitons). 

2. The mass-less unit-fields corresponding to the non-virtual photons. Electromagnetic interaction of photons with 
each other. The electromagnetic interaction of massive electrically charged unit-fields with each other by the virtual 
exchange of the mass-less unit-fields (photons) 

The description of the mass-less unit-fields corresponding to the non-virtual and virtual photons is quite similar 
to the above-presented model of gravitons. Although the gravitons and photons have the unit-field amplitudes of 
different natures, the equations describing the photons are indistinguishable from the respective equations describing 
the gravitons. Indeed, the massive electromagnetically interacting unit-fields having the de Broglie generators ipon, 
which do carry masses and electric charges but do not have weak isospins, weak hypercharges and color charges, 
have been considered in Sec. 7.2. as the one-component unit-fields with the one-component TACs containing the 
spherically .symmetric electrical Laplace-ACs 4>Cn- The mass-less one-component unit- fields corresponding to the non- 
virtual or virtual photons are different from the massive electromagnetically interacting unit-fields. The mass-less 
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unit-fields, which do not have rest-masses, electric charges, weak isospins, weak hypercharges and color charges, are 
the simplest unit-fields. The non- virtual, one-component, electromagnetic unit-fields (non-virtual photons) V'On(r,i) = 
iponi^, t)4'Cn{i^, t) are described by Eq. (|400p with the rest-mass mg = and the index I = C, which has the form 

^CnDV'On + 1pOnO(f)Cn = 0. (679) 

The solutions of Eq. (|679|) are the non-virtual photons 

Mr,t) = ao„e^(''°""^-^°"*+""), (680) 
which have the structure-less form (j235p of the the time-harmonic plane waves with the de Broglie generators 

t) = V^e'('^""--^«"*+"")/2 (681) 

and the de Broglie associate-components 

0c„(r, t) = V^e^(''-'-^-*+"")/2 (g82) 

that are indistinguishable from each other. Notice, that Eqs. (j680p - (I682p describing the photons are indistinguish- 
able from Eqs. (|668p - (|670p describing the gravitons. In contrast to the massive electromagnetically interacting 
unit-fields (particles), which obey the time-independent AGs {(pcn — 0), the non-virtual, mass-less, one-component 
electromagnetic unit-fields (non-virtual photons) have the time- dependent ACs (4>cn 7^ 0). The non-virtual photons 
have the zero rest-mass (toq = 0) with the Einstein energy-mass relation 



-On 



- (683) 



for the normalization aon = l/vF. The present model predicts interaction of the identical or almost identical non- 
virtual photons with each other. The relativistic electromagnetic interaction (cross-correlation) term ()571|) for the 
two interacting mass-less photons located at the distance R from each other has the form 



'12,21 



koiko2 / 2a^cos(Aki2r- Aei2i + ko2R + AQ;i2)d^a;. (684) 
Jv 



For comparison see the relativistic electromagnetic interaction (cross-correlation) term (|61ip for the interacting mas- 
sive unit-fields (particles) separated by the distance R. In the case of the identical (koi = ko2 = kg, Aq;i2 = ai— a2 = 
and R = 0) gravitons, the energy-mass relation for the photon pair is given by Eq. (I27ip . (I304p and p25l) as 

e'-eoi+eo2+^i2,2i=4k2, (685) 

which corresponds the maximum 

e = 2k^, (686) 

of the photon-pair energy. In the case of the almost identical (koi ~ ko2, Aai2 = ai — (22 ~ and i? ~ 0) photons, 
the energy squired for the photon pair could vary in the region 

< e < 2kg. (687) 

The minimum energy 

e « 0. (688) 

is attributed to the different (koi ^ ko2, Aai2 7^ and R ^ 0) photons. A simple analysis of Eqs. (|679p - (|688p 
predicts the bunching and anti-bunching of photons as well as the Bose-Einstein condensation of such unit-fields 
(particles). The similar coherent phenomena are known in the traditional quantum electrodynamics describing the 
behavior of photons. 

The relativistic gravitational interaction (interference) between the massive unit-fields (particles) separated by 
the distance R, which is governed by the relativistic gravitational interaction (cross-correlation) term (j583p . can be 
considered as the virtual exchange of the above-described gravitons. In other words, the gravitational interaction 
may be reinterpreted as the exchange of virtual gravitons at the every time moment t. For instance, in the case 
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of the two one-component unit-fields ipoi{r,t) = ipoi{r,t)(j)ci{'r,t) and ipo2{r,t) = ^'02(1", i)0G2(r, interacting only 
gravitationally, the relativistic gravitational interaction (cross-correlation) total term (I568P - (j57ip . (j61ip has the form 

f i2,2i(-R, si, S2) = koiko2/c + moimo2fc, (689) 
where the gravitational geometrical factor fa determining by Eq. (|585p may be represented as 

r2iT 



jcyrl,si,S2) = Ais^Ais^aQ I dOsmOl dip I / dr j -—5 • 

J 6=0 Jv=0 JrC JR+rg^J^ |r - R|^ 

.|'g-i(koir-eoit+ai)g'(ko2r-£o2t+a2) _j_ g»(koir-eoit+ai)g-i(ko2r-eo2t+a2)j^2 (690) 



with koi — ko2, £01 = £02, ai — 012 and aoi — ao2. The representation ()690p gives rise to the interaction of the 
electromagnetic interaction as the virtual exchange of real photons or simply as the exchange of virtual photons. 
The present model of the interference (interaction) of the unit-fields, which are not the point particles, does not 
really require the introduction of the virtual point-particles because such a reinterpretation does not gives new inside 
the mechanism of electromagnetic interactions. Nevertheless, the use of the virtual unit-fields (photons) provides a 
background for comparison of the present model with the traditional quantum electrodynamics, where the electrically 
charged point-particles separated by the vacuum may interact with each other only by the exchange of virtual photons. 
Also note the particles (photons) with the negative values of the unit-field amplitudes have been attributed in Sec. 
7.2. to the ant-particles (anti-photons). 

3. The massive unit-fields corresponding to the electrically charged leptons (electron, muon and tau). Gravitational 
and electromagnetic interactions of the leptons with each other 

The massive gravitationally and electromagnetically interacting unit-fields having the de Broglie generators ipon, 
which do carry masses and electric charges but do not have weak isospins, weak hypercharges and color charges, 
should be attributed to the two-component unit-fields ■(/'On(r, t) = V'on(r, i)[(/)Gn(r, i) -I- (/)c„(r,t)] associated with 
the electrically charged leptons (electron, muon and tau). In the case of the two electrically charged leptons 
-001 (r,0 = ijjoi{r,t)[(pai{r,t) + (j)cni{r,t)] and 002 (r,i) = 0o2(r, i)[0G2(r, i) + (j)c2{r,t)], the relativistic interaction 
(cross-correlation) total term is given by the field superposition principle as 

£12,21 (-R, 81,82) = koiko2[/G + fc] + moiTOo2[/G + fc], (691) 
where the gravitational geometrical factor /g determining by Eq. (|585l) may be represented as 

/•«-o%™/2 fir,R,0,<p,si,S2) 



fG{R,si,S2) = Ais-^Ais^al d9sin6 dip / dr- 



.|'g-«(koir-eoit+ai)g«(ko2r-£o2t+a2) _j_ gi(koir-eoit+ai)g-«(ko2r-£o2t+a2)j^2 (692) 

and the electric geometrical factor fc determining by Eq. (j613p may be represented as 

^•2- ^ rR-rZoJ^ /-oo f{r,R,e,p>,s,,S2) 



/c(i?, Si,S2) = Ai^i^i^^flo / d6sin9 dip / dr ' ' ' ' . 

Je=0 Jv=0 Jr^ Jfl+rC^^/2 \^ - tl[ 

^ jg— j(koir-eoit+ai)gi(ko2r-eo2t-l-a2) _j_ gi(koir~eoit+ai)g-«(ko2r-eo2t-l-a2)j^2 (693) 



with koi — ko2, £oi — £02, oi = Oi2 and aoi — 002. The representation (j692p gives rise to the reinterpretation of 
the gravitational interaction as the virtual exchange of real gravitons or simply as the exchange of virtual gravitons. 
Similarly, the representation (I700p may be reinterpreted as the electromagnetic interaction by the virtual exchange of 
real photons or simply as the exchange of virtual photons. The electrically charged leptons (electron, muon and tau) are 
fermions (s„ 7^ 0). Nevertheless, the case of the spins si = S2 = is instructive for understanding of the gravitational 
and electromagnetic interactions. If the spins si = S2 = 0, then the relativistic interaction (cross-correlation) total 
term is given by Eqs. ((557)) . (pT5)) and ((575)) as 
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(694) 
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Formally, the relativistic interaction (cross-correlation) total term (|694p mediates the superposition of the Lorentz- 
like gravitational and electromagnetic interactions (forces Fi2(i?) = — F2i(i?)), which compare well with the non- 
quantum gravitation and electromagnetism associated with the non-existing electrically charged particles having the 
spins Si — S2 = 0. The relativistic interaction (cross-correlation) total term (|691l) mediates the superposition of 
the Lorentz-like gravitational [ (|589p . (|590p ] and electromagnetic [ (I617p . (|618p ] interactions (forces) (see, Sec. 7.2.) 
between the electrically charged leptons (electron, muon and tau) carrying the masses and electric charges. Also note 
the particles (electrically charged leptons) with the negative values of the unit-field amplitudes have been attributed 
in Sec. 7.2. to the ant-particles (electrically charged antileptons). 

4. The massive unit-fields corresponding to the leptons (electron neutrino, muon neutrino and tau neutrino) carrying 
the weak isospins or weak hypercharges. Gravitational and weak interactions of the leptons with each other 

The massive gravitationally and weakly interacting unit- fields having the de Broglie generators ijjom which do 
carry masses and weak isospins/hypercharges but do not have the electrical and color charges, should be at- 
tributed to the two-component unit- fields V'On(r,0 = ipOn{^,t)[(j)Gn{^,t) + 4>wn{Tc,t)] associated with the the elec- 
trically uncharged leptons (electron neutrino, muon neutrino and tau neutrino). In the case of the two leptons 
■>poi{r,t) = ■ipoiir,t)[(j)Giir,t) + (j)wni{r,t)] and ?Ao2(r, t) = '0o2(r, i)['/>G2(r, i) + 4iw2{r,t)], the relativistic interaction 
(cross-correlation) total term is given by the field superposition principle as 

£i2.2i{R, si, S2) = (koiko2/G + 'rnoimo2fG) + (koiko2/w + [moimo2 + TwiTw2] fw), (695) 
where the gravitational geometrical factor fa determining by Eq. (|585p is presented as 

r2Tr /•■R-''?io„/2 



fG{R,si,S2) = Ais-^Ais^Oq dOsmO dip / dr j —5 • 

Je=0 Jv=Q Jrg jR+rl^^/2 |r - R|^ 

^|-g-i(koir-eoit+ai)gi(ko2r-eo2t+«2) _j_ gi(koir-£oit+ai)g-i(ko2r-£o2t+a2)j^2 (696) 



with koi = ko2, £01 — £02, cti — 0L2 and oqi — 092, and the weak-interaction geometrical factor fv/ determining by 
Eq. (|M7)) has the form 



fw{R,si,S2) = Ai^siAi^s2al d9sine dip / r'^drji^{Twir)ji2iTw2\r-'R\)f. (697) 



The representation (I696P gives rise to the reinterpretation of the gravitational interaction as the virtual exchange of 
real mass-less particles (gravitons) or simply as the exchange of virtual gravitons. While the form ()697p could be 
reinterpreted according to Sec. 7.3 as the weak interaction by the virtual exchange of real massive particles ( W and Z 
bosons). The relativistic interaction (cross-correlation) total term (|695p mediates the superposition of the Lorentz-like 
gravitational [ ([55^1) . ([5M1) ] and weak [ ((M5)) . interactions (forces Fi2(i?) = -F2i(ii)) [for details, see Sec. 7.2.] 

between the electrically uncharged leptons (electron neutrino, muon neutrino and tau neutrino) carrying the masses 
and weak isospins/hypercharges. Also note the particles (electrically uncharged leptons) with the negative values of 
the unit-field amplitudes have been attributed in Sec. 7.3. to the ant-particles (electrically uncharged antileptons). 

5. The massive unit-fields corresponding to the quarks (up, down, charm, strange, top and bottom) carrying the 
masses, electric charges, weak isospins, weak hypercharges and color charges. Gravitational, electromagnetic, weak 
and strong interactions of the quarks with each other 

The massive gravitationally and weakly interacting unit- fields having the de Broglie generators ipom which do 
carry masses, electric charges, weak isospins, weak hypercharges and color charges, should be attributed to the two- 
component unit-fields V'Ora(r,^) = '!/'On(r, t)[0Gn(r, t) -I- (/)cra(r,0 + (f'Wni^jt) -\- (j)sn{^,t)] associated with the quarks 
(up, down, charm, strange, top and bottom). In the case of the two quarks V'oi(r, t) = V'oi(r, t)[(j)Gi{r, t) -I- 0ci(r, t) -\- 
(/)tvi(r,i) + '/>si(r, i)] and '002 (r,i) = V'02(i", i)[</>GTi(i", i) -I- (?!)(72(r, + '/>iy2(r,0 + '/>S2(i", i)], the relativistic interaction 
(cross-correlation) total term is given by the field superposition principle as 

•^^12,21(^,51,52) = (koiko2/G + moimo2/G) + (koiko2/c + moimo2/c) + 
+ (koiko2/w + [mmm(32 + Twi^W2] fw) + (koiko2/s + ["ioimo2 + r5irs2] /s), (698) 

where the gravitational geometrical factor /c determining by Eq. ()585p is represented as 

f ^ A A ^ r ^(^ ■ a r ^ /■^-o'-o™/^ roo f(r,R,e,p,s,,S2) 

fG[R,si,S2) ^ Ais-^Ais^Oq dOsmO dp> / dr j — • 

Je=o Jip=o Jr§ JR+rZup/'^ \^-^\ 
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^ |-g-i(koir-eoit+ai)gi(ko2r-eo2t+a2) _j_ gi(koir-eoi<+ai)g-j(ko2r-eo2t+a2)j^2 (699) 

the electric geometrical factor fc determining by Eq. ()613p is represented as 



/c(i?, si, S2) = ^isi^issflo / dOsinO dip / dr- 

Je=0 JiO=0 Jr9 JR+rS'___/2 



9=0 J^=Q Jrg •< R+-r^,^p/2 |r-RP 

^|-g-i(koir-eoit+ai)g'i(ko2r-eo2t+a2) _j_ gi(koir-eoit+ai)g-i(ko2r-eo2t+a2)j^2 (700) 

with koi = ko2, £01 = £02, oil = 0:2 and aoi = 092- The weak-interaction geometrical factor /w determining by Eq. 
(|637p has the form 

fwiR:Si,S2) = Ai.s.Ai^s^al dOsine dip / r^drji,{Twir)ji.,irw2\r ~ K])/ (701) 

and the strong-interaction geometrical factor f\y determining by Eq. (|655p has the form 

= Ai,,,Ai,,,al dOsine d^ / r^drji,{i\Tsi\r)ji,{i\Ts2\\r - R\)f. (702) 

The representations (|699p and (|700p give rise to the reinterpretation of the gravitational and electromagnetic inter- 
action as the exchange of virtual gravitons (mass-less gravitational particles) and the exchange of virtual photons 
(mass-less electromagnetic particles), respectively. While the forms (|700l) and (I70ip could be reinterpreted according 
to Sec. 7.2 respectively as the weak interaction by the virtual exchange of the real, massive, weakly-interacting par- 
ticles ( W and Z bosons) and the strong interaction by the virtual exchange of the real, massive, strongly-interacting 
particles (gluons). The relativistic interaction (cross-correlation) total term (|698p mediates the superposition of the 
Lorentz-hke gravitational [ (f589l) . (|590l) ]. electromagnetic [ (|6T7| . (|6T8ll ]. weak [ (|645|) . (|646l) ] and strong [ (|664l) . (j665l) ] 
interactions (forces Fi2(i?) = — F2i(i?)) (see, Sec. 7.3.) between the quarks (up, down, charm, strange, top and 
bottom) carrying the masses, electric charges, weak isospins, weak hypercharges and color charges. Also note the 
particles (quarks) with the negative values of the unit-field amplitudes have been attributed in Sec. 7.3. to the 
ant-particles (antiquarks). 



8. THE PARTICLES, INTERACTIONS AND FORCES ACCORDING TO THE PRESENT MODEL 
UNIFYING THE ALL-KNOWN ELEMENTARY PARTICLES AND INTERACTIONS 

The particles, interactions and forces in the present model, which unifies the all-known particles, interactions and 
forces, are summarized in Tab. IIIII Similarly to the some non-standard, candidate theories {Grand Unified Theories 
and Theories of Everything), the present model do contain the Gravitational Force by considering the interference of 
massive unit-fields, which may be reinterpreted as the exchange of virtual gravitons (hypothetical mass-less particles) 
or as the curving of space by the massive particles. The gravitational, electromagnetic, weak and strong forces are 
considered to be mediated by the interference (gradient of the cross- correlation energy) of the unit-fields with the 
internal structures (generator and total associate-component <i>°) having the rest-masses, electric charges, weak 
isospins, weak hypercharges and color charges, respectively. // the unit-field generators have the configuration of the 
de Broglie time-harmonic plane-waves, then the gravitational, electromagnetic, weak and strong interactions of the 
unit-fields (particles) are described by Eqs. I156()\) - 1170 S^ . The behavior of unit-fields (elementary particles) having the 
arbitrary generators ipon cind the multi- component TACs $J with the calibrations (gauges) {469^ , 11470^ and 11473^ is 
described by Eqs. ^54^ - i556\} of Sec. 6. In the most general case, one should use the all above-presented equations 
without the calibrations (gauges) {46 S^ , |-^70[ ) and \473^ . For an example, the system of motion equations 

N 

^ < (U^on + mli^on + ^On{K)'^'^^'^'i) = (703) 
n=l 

of the interfering (interacting) unit- fields (particles) under the calibrations (gauges) (|469p . (|470p and (I473p . in the 
most general case [see, Eq. (j400l) ] has the general form of the N coupled equations 

N 

J2 Ki^i'On + mli>On) + i'Ona^^r. + ^AnK " 2V7^0nV$^ = 0, (704) 
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The unified model of elementary particles and interactions 
Elementary particles = Unit-fields 

Matter: Quarks and Leptons 
Antimatter: Antiquarks and antileptons 

Carriers of forces: Gravitons (Curved Space), Photons, W-bosons and Z-bosons, Gluons 
Composite particles: Hadrons (Mesons and Barions), nuclei, atoms and molecules 

Interference (cross-correlation) = Interactions 
Gravitational Force by interference of massive unit-fields Gravitons (Curved Space) 

Electromagnetic Force by interference of electrically charged unit-fields Photons 
Weak Force by interference of unit-fields having isospins and hypercharges W- and Z-Bosons 

Strong Force by interference of unit-fields having color charges Gluons 



TABLE III: The particles and interactions according to the present model, which unifies the all-known particles and interactions. 
Similarly to the some non-standard, candidate theories {Grand Unified Theories and Theories of Everything) , the present model 
do contain the Gravitational Force by considering the interference of massive unit-fields, which may be reinterpreted as the 
exchange of virtual gravitons (hypothetical mass-less particles) or as the curving of space by the massive particles. 

which is more complicated, but is suitable for the comparison of formulas of Part 11 based on the direct generalization 
of the Einstein energy-mass relation for a structured unit-field (particle) with the Standard Model of Particle Physics 
(SM) and/or with Part 1 based on the insertion of interference between particles into the traditional interaction- 
free (interference-free) Hamiltonians of the traditional quantum field theories. The detailed relations of the present 
model with the Standard Model of Particle Physics will be illustrated in the following study. Notice, the transition 
from the state describing by the unit-field generator ipon to the state characterizing by the generator ipQ^ could be 
described simply by application of the perturbation theory to Eqs. (j546p - (j556|) based on the calibrations (gauges) 
()469|) . (I470|) and (I473|) or to the above-presented equations that do not use these calibrations. In the present model, 
the transition from one kind of a unit-field (particles) to another is accompanied by the change ("spontaneous or 
non-spontaneous breaking") of symmetry of the total associate component (TAC) of the unit-field (see. Sees. 7.2 and 
7.3.). It should be also noted that the total relativistic cross-correlation terms (|684p . (|689p . (j69ip . (|695l) and (|698p 
associated with the m-th and n-th unit-fields do depend on the phases am and a„ of the interfering (interacting) unit- 
fields (particles). In the case of unit- fields (particles) having the probabilistic (for instance, thermal) distributions of 
the values k„, £„ and ai2 in macroscopic bodies (macroscopic composite "particles"), the energies and total relativistic 
cross-correlation terms should be averaged using these probabilistic distributions. That is important for description 
of the well-known macroscopic coherent quantum phenomena, such as the Bose-Einstein condensation, superfluidity, 
superconductivity, supermagnetism, super-radiation, Bosenova effect, and quantum anomalous and fractional Hall 
effects. For the elementary particles of the present model, the macroscopic quantum phenomena will be presented in 
the next study. 

In conclusion. Part I of the present study has developed the theoretical background for a unified description of the 
classical and quantum fields and interactions in terms of the interference between elementary particles (indivisible unit- 
fields) and the respective cross-correlation energy, which do not exist from the point of view of the canonical quantum 
mechanics, quantum field theories, SM and string theories. The Hamiltonians that describe the cross-correlation 
energy mediating by interference of the basic classical and quantum fields composed from the 3-dimensional (in space) 
unit-fields of matter have been derived by the generalization of the traditional Hamiltonians of the classical and 
quantum field theories for the superposition of interfering unit-fields associated with the interacting particles. It has 
been shown that the gradient of the cross-correlation energy induced by the interference between particles (unit-fields) 
mediates the attractive or repulsive forces, which could be attributed to all known classical and quantum fields (for 
details, see Part I). The present study (Part II) has used this theoretical background for unified description of the 
fundamental (electromagnetic, weak, strong and gravitational) fields and interactions. However, in contrast to Part I, 
the unification was performed rather by the generalization of the basic (energy-mass) relation of the Einstein special 
relativity than the traditional Hamiltonians of the classical and quantum field theories. The model unified the all- 
known fields, particles and interactions by the straightforward generalization of the Einstein relativistic energy-mass 
relation = k^-|-m^ for the interacting particles and bodies, which are composed from the interfering, indivisible unit- 
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fields associated witli tlie elementary particles. The unit-fields have simultaneously the properties of point particles 
and waves of quantum mechanics (particle- wave duality), the point particles of SM, the strings of theories of strings 
and the 3-d (in space) waves of theories of classical fields. Therefore the unification of the fundamental fields and 
interactions could be considered as the huther development and generalization of the canonical quantum mechanics, 
classical and quantum field theories, SM and string theories. 
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